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Triad patients are at increased risk of 
heart attack" 


In the placebo population of the Helsinki Heart Study, patients with the triad of risk— 
low HDL, elevated LDL, and elevated triglycerides—have been j 
shown to be almost four times more likely to develop CHD: ' 
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LOPID reduced CHD* by 
757% in triad patients' 


In the Helsinki Heart Study, LOPID reduced heart 

| attack by 57% in patients at very high risk and by 
34% overall* LOPID raises HDL and lowers LDL 
and triglycerides while it reduces the risk of 
developing CHD as an adjunct to diet in patients 
with the triad of lipid abnormalities who have had 
an inadequate response to exercise, dietary 
therapy, weight loss, and trial of other 
pharmacologic agents (such as bile acid 
sequestrants and nicotinic acid). 


LOPID is indicated as adjunctive therapy to diet for 
K reducing the risk of developing coronary heart disease 
only in type llb patients who are without history of or 
symptoms of existing coronary heart disease and who 
have the following triad of lipid abnormalities: low 
HDL cholesterol in addition to elevated LDL cholesterol 
and elevated triglycerides. 
In addition, the potential benefit of gemfibrozil in 
treating type lla patients with elevations of LDL choles- 
terol only is not likely to outweigh the risks. LOPID is 
not indicated for the treatment of patients with low 
HDL as their only lipid abnormality. 
LOPID is contraindicated in patients with hepatic or 
j severe renal dysfunction, including primary biliary 
cirrhosis, preexisting gallbladder disease, or hyper- 
sensitivity to gemfibrozil. LOPID may increase choles- 
terol secretion into the bile, leading to cholelithiasis. 
Caution should be exercised when anticoagulants are 
given in conjunction with LOPID. 


® 
With baseline HDL above the median (464 mg/dL), the incidence of serious 
coronary events was similar for LOPID and placebo groups. 
*Detined as a combination of definite coronary death and/or definite myocardial 
infarction. 57% calculated from an incidence of CHD of 149/1000 among placebo 
patients and 64/1000 among treated patients. 


"Baseline LDL >175 mg/dL, baseline TG > 200 mg/dL, and baseline HDL <35 mg/dL. 
*AII patients were counseled on dietary therapy and encouraged to exercise and quit 


mok l ‘| | 600-mg 
m j adjacent page for brief summary of prescribing information. gemfibrozil Tablets BID 
| TREATS THE TRIAD 

REDUCES THE RISK OF DEVELOPING CHD 









PARKE-DAVIS e»: 
PHARMACEUTICALS 
PARKE-DAVIS Division of Warner-Lamber Company. Morris Plains, New Jersey 07950 


PD-56-JA-8322-A1(122) 
310011 










biliary cirhos 


vw chen ha racolea and inl simis even enfer and cir Pe ders rings 
EU D also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
^ Menos deseri previous E reer he yos Mh dal. ies co dins 





3008 placebo-treated subjects, but twice as clofibrate-treated 
rq and icem surgery. In the other study, conducted by the World Health 


EX There was a statistically significant, 446 ight aged total mortality in the clofibrate- 
ATUM eS gop ing heta pero lator and pancreatis The 
causes, | | com 
risk of clofibrate-treated for 


ES subjects for gallbladder disease was 
M D. Sf the more ied sai te Hán Het Suo e obseve rnc ort fom ary cause ye 
EA. (brine not statistically different from the 29% excess mortality reported in the clofibrate 
E IM end the ees arbe disease 
m" = Goin alan ce ne d 


: Showed an excess in 
/— . Lopid gi dp a0 43 ogir ke picea “including the 35 year since the trial was 
: m Pec ovdi kan from any cause was 1 (£99) n he Lopid group and 83 (^W in he group on y randomized to 
. facebo (azard alio 120 i eor of placebo] Because othe move hee sae of the Doh ar the observed 
difference in from Lopid and ups at year or d oar is nol statistical 
reperted in the te group in the separate WHO study at the 9 yea 
s a ot) stone an aces n he gp ogra rat goat he 
à iege gula deaths). 
cancer (rciuding basa cel 


because of a end 


angina, aiid te was Cardiac events 
ne D se ferendo eon buon cates dA e hazard ratio (Lopid:placebo) for cardiac 
= events was 1. 4 oh eres 08B 24 p-OW) O Te 38 patents n eap roup who experienced cardiac 
. everts, 12 patients suffered events after discontinuation trom the study. Of the 24 patients in the placebo group with cardiac 
SPR pe el M D UN There T cantac dedbe infe nid go group and 8 
in the placebo group (hazard ratio 2.18; 95% confidence limits 094-505, p=0.06). Ten of these deaths in the Lopid group and 
3 in the placebo j fram therapy. In this study of patients with known or suspected coronary 


group occurred after discontinuation 
N EA S ECG Cdac senis or card doans. Thus, Lo 
paent wth corar hea cee ae ed o aeaeo L t suspected or established coronary heart disease. Even in 
EE es idee d ey dte riri elevated tighoeridas, plus low HDL-cholesterol, 
effect o 


been adequately studied 
esini ear ipants showed a trend toward a greater prevalence of 
y ihn he Lopid beaent vs 4996 for the placebo group, a 5596 excess for the 


greater incidence of Surgery was observed for the Lopid group (17 vs 11 
ege recess) Tes eat dino not differ statistically from the increased incidence of cholecystectomy observed in 
eso po eo ilte Bo and gemfibrozil may increase cholesterol excretion into the 
bie leading o Ti scnisege ee HNIC gallbladder studies are indicated. Lopid therapy should be 
stones are 
BE Lo Qa cooiy hid dii nes nol ber damonetrat and bocage Mer ard ner 
testicular tumors were increased in rats, Lopid should be administered only to those patients described in the 
A Carcomer Ani USAGE section. If a significant serum lipid response is not obtained, Lopid should be discontinued. 
— Caution should be exercised when anticoagulants are given in con with Lopid. The 
shouldbe reduced to mairtain the prothrombin tme af the desired lee to prevent bleeding 
determinations are advisable until it has been definitely determined that the 


therapy wih Lopid and Mevecr® in) has been associated with rhabdomyolysis, m elevated 
poer Cesa ria, leading in a hi nn ion of cases to acute renal failure. IN VIRTUALLY ALL 
PATIE TISFACTORY LIPID RE TO EITHER DRUG ALONE, ANY POTENTIAL LIPID 
~ BENEFIT OF COMBINED THERAPY WITH LOVASTATIN.AND GEMPIBROZIL DOES NOT OUTWEIGH THE RISKS OF SEVERE 
biases MYOPATHY, RHABDOMYOLYSIS, AND ACUTE RENAL FAILURE (see Drug Interactions). The use of fibrates alone, including 
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ier 3 months of therapy. 
n: HMG-CoA reductase inhibitors: Rhabdomyolysis has occurred with combined gemfibrozil 
maybe seen as as 3 weeks after initiation of combined therapy or after several months. In most 
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BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN CONJUNCTION WITH 
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S ru NM of Fertility — Long-term studies have been conducted in rats at 0.2 

E Im and 2 cx mg/meler?). The incidence of benign liver nodules and liver carcinomas 
: Ex dose male rats. Theincidence of liver carcinomas increased also in low dose males, but 


elie at k a PINE and 1 times the human dose (based on surface area). There were 


z - Ram 

"f. nog ‘significant differences from controls in the incidence of liver tumors, but the doses tested were lower than 
25 fe so ew CI BU hepatic liferation following Lopid administration to 

x | 10: a peroxisome prolifera ministration 
"ELE rectas doen pd anple takma de not been done in humans but changes in peroxisome 

- . morphology have isome proliferation has been shown to occur in humans with either of two other 

Es. MU nb REM Reto en were compared before and after treatment in the same individual. 

Administration of : 06 and 2 times the-numan dose (based on surface area) to male rats for 10 weeks resulted 
sin a dose-related ent studies demonstrated that hs efect was reversed afer a drug-free period of 


adverse effects in rats and rabbits at doses between 05 and 


-5 Pregnancy C — Lopid has been shown'to 
reser Calgary C- lopd Tas tenir toxicity or teratogenicity among offspring of either 


P "P Ee ie xh . 
M E 





7 E w ve. TTA 3 m 
d EM da y? i ON a 


Lopid® (Gemfibrozil Tablets) Shay 

species. There are no ule ind a coe e RE NUN Loo shall lied air pregnancy 
neta tes ort ict the fetus. : cre 
ers d OB and me e human dose stn sce before and th 





etch MN AGATA Gomes ene dade ob pim ic and a sli 

iym an ccu d a There were also dose-related increased skeletal variations. Anophthalmia occurred, 4 

Adminstration of 08 and 2 times te human dose (based on surface ara d Lopid to female ats om gestion dey 15 

through weaning caused dose-related decreases in birth weight and suppressions of pup 

irae o Tand Snes eh ds bs staal Lop re a goers 

Caused a dose-related decrease in litter size and at the high dose, an increased of parietal bone variations. 

6 North Motiara — EE not inam iret Wis dug eod ror t. don MaRy rugs de came 

human mil ERE EIN NUd V Me 

whether to discontinue nursing or to discontinue the drug, ders doge leche d bici it to the mother. 

7 Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell decreases have been observed in 

occasional patients following initiation of Lopid therapy. However, these levels stabilize during long-term administration. Rarely, 

seem arema, luigi fronton, ia, and bone marrow have been . Therefore, periodic blood 

Counts are recommended during the rst 12 months of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally Le arie Lopid administration, including 

elevations of AST (SGOT), ded LDH, bilirubin, and alkaline phosphatase. These are usually reversible when Lopid is 

evi ii cse a ido function studies are recommended and Lopid therapy should be terminated if 

ormalities persis 

beoe ironia i beri irpo eri a a tic J 

PN M PUR NE ERE INPS FPE TORRE 

considered against the risks and benefits of a lower 

10. Use in EPA WO AREE ond mane C IRN eben 

ADVERSE REACTIONS 

In the double-blind controlled phase of the primary prevention component of the Helsinki Heart Study, 2046 patients received 

Lopid for up to 5 years. In that study, the following adverse reactions were statistically more frequent in subjects in the Lopid 

PN LOPID PLACEBO - 

(N=2046) (N=2035) 

Frequency in percent of subjects 

Gastrointestinal reactions TR i 

Abdominal pain 98 56 

Acute appendicitis 12 0.6 

(histo al confirmed in most cases where data were available) 

Atrial fibril 07 0.1 

Adverse events patience tat S of subjects, but without a significant difference between groups: 

Diarrhea 72 65 

Fatigue 38 35 

Nausea/Vomiting 25 2.1 

Eczema 19 12 
17 13 

Vertigo 15 13 

Constipation 1.4 1.3 

Headache 12 TA 


Gallbladder surgery was performed in 09% of Lopid and 0.5% of placebo subjects in the primary prevention component, 
a 64% excess, which is not statistically different from the excess of gallbladder surgery observed in the clofibrate compared 
to the placebo group of the WHO study. Gallbladder surgery was also performed more frequently in the Lopid group 
compared to placebo (1996 vs. 0:396, p = 0.07) in the secondary prevention component. A statistically significant increase in 
Or BOM in the gemfibrozil group was seen also in the secondary prevention component (6 on gemfibrozil vs. 0 on 
p= ). 

Nervous system and special senses adverse reactions were more common in the Lopid group. These included 
hypesthesia, paresthesias, and taste perversion. Other adverse reactions that were more common among Lopid treatment 
group subjects but where a causal relationship was not established include cataracts, peripheral vascular disease, and 


intracerebral hemorrhage. 
From other aes he it seems probable that Lopid is causally related to the occurrence of MUSCULOSKELETAL SYMPTOMS 
(see WARNINGS), and to JORMAL LIVER FUNCTION TESTS and HEMATOLOGIC CHANGES (see PRECAUTIONS). 


Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were more common in gemfibrozil 
treated patients in other controlled clinical trials of 805 patients. Additional adverse reactions that have been reported for 
gemfibrozil are listed below by system. These are categorized according to whether a causal relationship to treatment with 
Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central Nervous System: dizziness, 
somnolence, , peripheral neuritis, — libido, depression, headache; Eye: blurred vision; Genitourinary: 
impotence; usculoskeletal myopathy, ia, myalgia, painful extremities, arthralgia, synovitis, rhabdomyolysis (see 
WARNINGS and Drug Interactions under ECAUT IONS); Clinical Laboratory: increased creatine phosphokinase, increased 
bilirubin, increased liver transaminases (AST [SGOT], ALT [SGPT]), incr alkaline phosphatase; Hematopoietic: anemia, 
anei h shy a ee — Immunologic: angioedema, laryngeal edema, urticaria; Integumentary: 

ja ma pruritus. 

CAUSAL RELATIONSHIP NOT oer MN weight loss; Cardiac: extrasystoles; Gastrointestinal: pancreatitis, 
hepatoma, e Central Nervous System: confusion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased 
male fertility, renal ction; China La iOS positive antinuclear antibody; Hematopoietic: thrombocytopenia: 
Immunologic: an -like syndrome, vasculitis; Integumentary: alopecia. 

DOSAGE A AND ADMINI ION 

The on eri dose for adults is 1200 mg administered in two divided doses 30 minutes before the morning and 
evening mea 

OVE 


wae symptomatic supportive measures should be taken should it occur. 
— dE 737), white, rx film-coated, scored tablets, each containing 600 mg gemfibrozil, are available as follows: 


N Qr 073130 Bots ol 
N 0071-073740 Unit dose packages of 100 (10 strips o 10 tablets each) 


Parcode® No. 737 

Storage: Store below 30° C (86° F). 

REFERENCES 

1. Frick MH, Elo 0, K, et al: Helsinki Heart Study: Primary prevention trial with gemfibrozil in middle-aged men with 
dyslipidemia. N Eng! J Med 1987;317:1237-1245. 

2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline in the incidence of coronary heart disease in the Helsinki 


Heart Study. JAMA 1988; 260:641-651. 

3. Nikkila EA: Familial lipoprotein lipase puel and related disorders of chylomicron metabolism. In Stanbury JB et al. 
(eds.): The Metabolic Basis of Inherited Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

4. Report of the National Cholesterol Education Program Expert Panel on Detection, Evaluation, and Treatment of High Blood 
Cholesterol. Arch Int Med 1988;148:36-39. 


Caution — Federal law prohibits dispensing without prescription. 0737G015 | 
Revised April 1992 

REFERENCES: 

1. Manninen V, Tenkanen L, Koskinen P et al. Joint effects of serum triglyceride and LDL cholesterol and HDL cholesterol 


concentrations on coronary heart disease risk in the Helsinki Heart Study: implications for treatment. Circulation. 1992:85:3745. 
2. Assmann G, Schulte H. Relation of high-density lipoprotein cholesterol and triglycerides to incidence of atherosclerotic 
coronary artery disease (the PROCAM experience). Am J Cardiol. 1992: 7073373] 


PARKE-DAVIS 


Division of Warner-Lambert Company 
Morris Plains, NJ 07950 USA 
















































































__ ASSISTANT EDITOR 
PRODUCTION EDITOR 


ung 





ASSISTANT 
ASSISTANT TO THE EDITOR 
Lucy W. King 
VP/GROUP PUBLISHER 
. Joseph L. Navitsky 
- ASSOCIATE PUBLISHER 


iblishittg Company, A Division of Reed Publishing USA £7 Spe- 
altzed Business Magazines for Building & Construction, Research, Tech- 
Nagy, Electronics, Computing, Printing, Publishing, Health Care, Food 
Service, Packaging, Environmental Engineering, Manufacturing, Entertain- 
.. ment Home Furnishings, and Interior Bn. Specialized Consumer Mag- 
gains for Child Care, Boating and Wedding Planning. 
THE AMERICAN JOURNAL OF CARDIOLOGY ® is a registered wade- 
..  mürk of Reed Pi ies inc, used under license. (ISSN 0002- 9149) (GST 
o o, IRW ry 4, 1993, Val. 71. No. 1 USPS: 505- 7505. 

c -Meriber American Business Press, Inc. and Audit Bureau of Circulations. 
Published 3 times a month in January, March, May. August and Sepiem- 
ber, 2 times in. February and July, 4 times in June, October and Decem- 
ber, and 5 times in. April and November by Cahners Publishing Company, 
a Division of Reed Publishing USA, 275. Washington St, Newton, MA 
(2158-630. Terrence M. McDermott, PresidenyChief C rating Officer: 
Frank Sibley, Executive Vice-President; Robert T. Brawn, Senior Vice Pres- 
idenyGeneral Manager; Jerry D. Neth, Senior. Vice President/Publishing 
Operations; JJ. Walsh, Semor Vice Presideni/Finance, Thomas J. Della- 
maria, Senior Vice President/Production and Manufacturing: Ralph Ram 
Vice President Haman Resources. Circulation records are maintaned at 4 
‘Cook Street, Denver. CO 80206-5800. Phone 305/988-4511. Second class 
posses paid ut Denver, OO. 80206-5800 and at additional mailing offices. 

ostmaster: Send address changes ux The Amencan Journal of Cardiolo- 



























gy, P.O. Box 1733177, Denver, Colorado 80217-3377, The American Jour 
... Wal of Cardiology. copyright 1993 by Reed Publishing USA; Robert L. 
350 Krakoff, Chairman and Chief Execunve Officer, Executive, Editorial and 
uc Advertising Offices: 249 West [7th Street, New York, NY 10011, Ported 
in Easton, PA. 
SUBSCRIPTIONS: Solicited only from candiologists and other physicians. 
Publisher reserves the right to refuse unqualified subscribers, Sabsenibers 
agree that no article or any part thereof published in any editions of The 
American Journal of Cardiology received under this subscription agreement 
may be copied, recorded or reproduced m any form or by any means, elec- 
tronic or mechanical. including, among other things, photocopying or the 
storing of part or all of such articles Gn any informaron retrieval system. 
without the written permission of the Publisher. Please address alb sube 
scription mail to: THE AMERICAN JOURNAL OF CARDIOLOGY. 44 
Cook Street, Denver, CO 80206 S800. Please include your zip code and. 
in case of change of address, copy of old address label. Changes of address 
mest reach the Joumal one month preceding month of issue. Single copy 
price Regular issues $10.00; symposium and special issues $12.00. Sub- 
scription rate for individuals in fied of publication: United States i year 
. $66, 2 years $112, 3 years $158; Canada and Mexico | year $105, 2 years 
$178, 1 years $262. All other countries (prices include air-specded deliv- 
ery) | year $175, 2 years $306, 3 years 3437, US institutions } year $95, 
2 years $162, 3 years $228: Canada ami Mexico } year $120, 2 years $200, 
3 years $204; AN other countries (prices include air-speeded delivery) | 
year $200, 2 years $350, 3 years S500. Special rate to US. Residents, 
- Interms. Medical Students $33. The Journal is not responsible for replacing 
missing issues unless the Circulation. Deparunent is notified of nonreceipt 
ithin 3 mo of issue date, 
rinted in USA Trademark?" in US Patent Office. AH rights reserved, 
part of this publication may be reproduced or transmitted in any form 
ier’ ny means, electronic or mechanical, including photocopying, record- 
1.5: Hg ar by any information storage retrieval m. without permission of 
Pr ie UEM owner. Prices on bulk reprints of articies available on request. 
C0 The Publisher assumes no Hability for any material published in the Jour- 
- nal AH statements are the responsibility of the authors. 
“MANUSCRIPTS: Adress all. manuscripts to William C. Roberts. MD, 
Editor in Chief, The American Journal of Cardiology, 7960 Old George- 
town Road, Sume 2C, Bethesda, Maryland 20814. See "Instructions t0 
Athor, page HS 



























CARDIOVASCULAR MEDICINE 


Jonathan Abrams 
Robert J. Adolph 
Masood Akhtar 
Joseph S. Alpert 
Jeffrey Anderson 
William F Armstrong 
Thomas M. Bashore 
George A. Beller 
David. G. Benditt 
Danie! S. Berman 

J. Thomas Bigger, Jr. 
Peter C. Block 
William E. Boden 
Robert O. Bonow 
Kenneth M. Borow 
Eugene Braunwald 
Jeffrey A. Brinker 
Alfred E. Buxton 
Michael E. Cain 
Robert M. Califf 
Richard O. Cannon, IH 
Ward Casscells 
Agustin Castellanos 
Bernard R. Chaitman 
Kanu Chatterjee 
John S. Child 

Robert J. Cody 

Peter E. Cohn 

C. Richard Conti 
Michael H. Crawford 
Robert F. DeBusk 
Gregory J. Dehmer 
Pablo Denes 

Richard B. Devereux 
George A. Diamond 
John P. DiMarco 
John Douglas 
Pamela S. Douglas 
Myrvin H. Ellestad 
Stephen E. Epstein 
David P. Faxon 
Harvey Feigenbaum 
Robert L. Feldman 
Jack Ferlinz 

Frank A. Finnerty, Jr. 
Jerome L. Fleg | 
Gerald Fletcher 
Nancy C. Flowers 
James S. Forrester 
Joseph A. Franciosa 
Gary S. Francis 
Victor E. Froelicher, Jr. 
W. Bruce Fye 
William H. Gaasch 
William Ganz 

Julius M. Gardin 
Bernard Gersh 

D. Luke Glancy 
Stephen P. Glasser 
Robert E. Goldstein 
Sidney Goldstein 
Antonio M. Gotto, Jr. 
Donald C. Harrison 
Geoffrey O. Hartzler 
Richard H. Helfant 








Philip D. Henry | 
Frederick A. Heupler, Jr. 







R: Holmes, Jr. 


andrian 





effrey M. 


William 


















ana dy 
Kent 


Spencer B. King, IH 
George J. Klein 

Lloyd W. Klein 
Robert A. Kloner 
John Kostis 

Morris N. Kotler 
Arthur J. Labovitz 
Carl V. Leier 

Herbert J. Levine 
Joseph Lindsay, Jr. 
Joseph Loscalzo 

G.B. John Mancini 
Francis E. Marchlinski 
Frank I. Marcus 
Randolph P. Martin 
Dean T. Mason 
Michael McGoon 
Raymond G. McKay 
Jawahar Mehta | 
Richard S. Meltzer 
Franz H. Messerli 
Eric L. Michelson 
Fred Morady 

Joel Morganroth 
Arthur J. Moss. Jf WR ue e D 
Robert J. Myerburg CARDIOVASC! 
Navin C. Nanda — . . SURGEF 
Robert A. O'Rourke. 
Catherine M. Otto — 
Natesa Pandian : 
Eugene R. Passamani :- La 
Richard C. Pasternak Ja 
Alan S. Pearlman E 
Carl J. Pepine 
Joseph K. Perloff 
Augusto D. Pichard 
Bertram Pitt 

Philip J. Podrid 
Jeffrey J. Popma 
Charles E. Rackley 
Nathaniel Reichek 
James L. Ritchie 
Robert Roberts. 
Allan M. Ross | > 
Melvin M. Scheinman 
Nelson B. Schiller 


£ 











































LST Ro Herter Pe dr 


in Acute Myocardial Infarction of 
| | i : 





if gang Kasper, Thomas Meinertz, 
jórg Just, Carl Schümichen, and 





‘tan 





———9 





RDIOLOGY VOLUME 71 






JANUARY 1, 1993 











David D. McPherson, Maryl R. Johnson. Steven M. stt 
Collins, Robert A. Kieso, Melvin L. Marcus, and. 
Richard E. Kerber 

















33 


Prognostic Value of Dobutamine 

y in Patients with High Pretest 
Likelihood of Coronary Artery Disease 
Peter K. Mazeika, Aleksander Nadazdin, and Celia M. 
Oakley 








40 
Prognostic Value of Noninvasive Cardiac Tests 
in the Assessment of Patients with Peripheral 
Vascular Disease 

Edward L. Rose, Xiu J. Liu, Michael Henley, John D. 
Lewis, Edward B. Raftery, and Avijit Lahiri, with the 
technical assistance of Usha Raval 





45 


Rationale and Design of the D 
Veterans Affairs Hi isi 








Lipoprotein 
Cholesterol Intervention Trial (HIT) for 
Secondary Prevention of Coronary Artery 





Disease in Men with Low Hi 
Lipoprotein Cholesterol and Desirable Low- 
Density Lipoprotein Cholesterol 

Hanna Bloomfield Rubins, Sander J. Robins, Marika K. 
Iwane, William E. Boden, Marshall B. Elam, Carol L. 
Fye, David J. Gordon, Ernst J. Schaefer, Gordon 
Schectman, and Janet T. Wittes, for the Department of 
Veterans Affairs HIT Study Group 














uc Jordaens, Luc Missault, Eric Germonpré, Benedict 
p ns, Luc Adang, Johan Vandenbogaerde, and Denis 
L. Clement 


k Use of Multiple Patches During Implantation of 


effrey. M. Baerman, Bradford P. Blakeman, Brian 
Ishansky, Douglas E. Kopp, John G. Kall, and David 


es in Patients with Recurrent Neurally 


ies F Sneddon, Peter J. Counihan, Yaver Bashir, 
Guy A. Haywood, David E. Ward, and A. John Camm 


Rates for the Implantable Cardioverter- 
Defibrillator 

Thomas E. Kottke, Marshall S. Stanton, Kent R. Bailey, 
Wyatt W. Decker, and Stephen C. Hammill 


EMIC HYPERTENSION 


pulation-Based Estimate of Candidacy 


Atrioventricular Cond vim i 
Women with Systemic L Ap 


McCune. fud Ellsworth, Donita B. BS l 
Aaron M. Stern 5 


Robert J. Spina, Takeshi undi 
M. Kohrt, and Ali A. Ehsani 


Mark R. Zenger, Matthew Brenner.’ Mal 


Donald Mahon, and Archie F. Wilson icom 





WERE EEN ETE AMA x nm aus, 

BRAC, PEND GS NNER Sea ae MUS ELLOS etus dise on " ss * " AO 

ne m ES QUEE RR eer OPES NE P E i aei vines eme rates z: tans 
ar ES M AU t is 


BR um mo c EM PRT AE 
e EnS t SELENY jia a 


ESTEA ps SERES SESE: P) RAN ett xr " d 
REN RES ee pias BEER f mm 
SRNA 


o 
vei r3 T, T EUN 
Yid US. neat 


$25 


VEDI ITO 
ENS SORS ds i 
tN WEG 
rae 


ARE 
OES 


Eu 


PIS 


SA 


CHE EM 



















































ERT 


ES 


i 


yis 


mVY 


T 





Wolfgang Woloszczuk, 


B 
gu 
= 
















r Bux 


























“Complements of.. : PS 


—.- MERCK Human Health Division — a one-year subscription to The. 
American Journal of Cardiology is provided to each fellow in Cardiology in 











ription to ` 








the United States as a service to medicine. | 


. To start your complementary subscription to The American Journal of 
ardiology please submit a letter signed by your program director stating that . 








ki E E N deut 





ail to: Stephen Morin, The America Journal of Cardiology, 249 


. you are a cardiology fellow, along with your current mailing address. = 











Street, New York, N. Y. 10011. 
3 ) MERCK 


M Human Health Division 











E: i 

















M Stm 


€ 


GEHE: 


p 





7% 


» eare maer ~rt 


9 — ci Php 


PECIA 


Proven in research. Proven in practice. 


Mi SS B MEVACOR is contraindicated in patients who are hypersensitive to any component of the medication; in patients 


with active liver disease or unexplained persistent transaminase elevations; in pregnant or lactating patients; and 
C K in women of childbearing age, except when such patients are highly unlikely to conceive. 
a eh For complete details on MEVACOR, including cautionary information regarding myopathy, drug interaction 
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| là liver enzyme monitoring, please refer to the Prescribing Information. 
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LO this medication. 
nf serum transat 


continuation of lipid-lower- 
on the outcome of iong- 
cholesterol and other 
55ehtial components for 
ds and cell membranes. 


Pig Other products of the 
COR may cause feta! harm when 


Hi 
transatminase levels usually feli slowly to 
increases usually appeared 3 te 12 months after the 
ith lovastatin -and were not associated with jaundice or other 


iri at 
mately 6-month intervals). Specie! attention should be 
evelop elevated serum transamínase levels, and. in these 
ents should be repeated promptly and then performed 
transaminase levels show evidence of progression, par- 
ey times the upper limit of normal and are persistent, the 
ld be discontinued. Liver biopsy should be considered if elevations 
beyond the discontinuation of the drug. 
uid be used with caution in patients who consume substantial 
hol and/or have a past history of liver disease. Active liver dis- 
jexplained transaminase elevations are contraindications to the use 


ipid-lowering agents, moderate (less than 3 times the upper 
ions of serum transaminases have been reported tolov- 
VACOR {sea ADVERSE REACTIONS). These changes 
-after initiation of therapy with MEVACOR, were often transient. 
t accompanied hy any symptoms. and interruption of treatment was 


"Rhabdomyolysis has been associated with lovastalin ther- 
iig combined with immunosugpressive therapy including 


miibrozil or lipid-lowering doses Uie 
acted patients had preexisting renal insuffi- 


dovastatin pius cyclosporine. l 
iyolysis. with or without renal impairment has been reported in 
patients receiving erythromycin concomitantly with lovastatin. 
stents receiving concomitant lovastatin and erythromycin should 
d rhabdomyolysis h bee ly as 3 weeks after initi 
: fo sig has been seen as early as 3 weeks after initi- 
ined therapy with gemfibrozil and lovastatin, hut may be seen 
$ months. For these reasons, it is felt that, in most subjects who 
had an unsatistactory lipid response to either drug alone, the possible 
combined therapy with lovastatin and gemdibrozil do not oul- 
risks of severe myopathy, rhabdomyolysis, and acute renal fat- 
Lig not kno: t this interaction occurs with fibrates other 
ihrozil, myopathy and rhabdomyolysis have occasionally been 
th the use ot other fibrates alone, inctuding clofibrate. 
combined use of lovastatin with other librates should gener- 


emplaling combined therapy with fovastatin and lipit- 
nicotinic acid or with immunosuppressive drugs shouid 


ing the initial months of therapy and during any peri- 
"titration of either drug. Periodic creatine phosphoki- 
be considered in such situations. but there 
‘Such monitoring will prevent the occurrence of severe 
nitaring of lovastatin drug and metabalite tevels may be 
Hant patients who are treated with immunosuppressives 


py should be temporarily withheld or discontinued in any 

i, Serious condition suggestive of a CIN or having 
sposing to the development of renal failure secondary to 
is, including: severe acute infection, hypolension, major 
severe metabolic, endocrine, and electrolyte disorders, and 





ri associated with lovastatin therapy. Transient. mildly ele- 
are.commoniy seen in lovastatin-treated patients. However, in 
is. approximately 0.5% of patients developed a myopathy. Le.. 
ë weakness associated with yt elevated GPK levels. in 
CLINICAL PHARMACOLOGY, Clinica! Studies in the tuli 
patients (D. 19«) taking lovastatin alone (1 at 40 mg 
4,15 developed myopathy (muscle symptoms and CPK 
er imi of normali. Myopathiy should be considered in 
fiyalgias, muscie tenderness or weakness. and/or 
.. Patients should be advised to report promptly any 
; tenderness, or weakness. particularly if accompanied 
statin therapy should ba-discantinued if markedly eie- 
hyopathy is diagnosed or suspected. 
0 have developed myopathy {including rhabdomyo- 
t were receiving concomitant therapy with immuno- 
zi or fipid-lowering doses of mcotinic acid. In 
patients Gn concomitant immurosuppressive ther- 
"developed myopathy. {he corresponding percent- 
cin were approximately 5% and 2%. respectively. 
Transplants taking immunoseppressive therapy 
mitantiy with lovastatin 20 mg/day. the average 


€ expected levels. Because of an apparent relationship 
jasma levels of active metabolites derived from lovastatin 
iy dosage in patients taking immunoscppressants should 
day (see DOSAGE AND ADMINISTRATION). Even at this 
arid risks of usirig lovastatin in patients taking immun» 
carefully considered. 
Before instituting therapy with MEVACOR, an attempt 
Te-control hyperchotesterolemia with appropriate diet, exer- 
on in obese patients, and to treat other underlying 
&& INDICATIONS AND USAGE in the full Prescribing 


ate CPK and transaminase levels [see WARNINGS and 
j. This should be considered in the differential diagnosis 


FVACOR appears 
S} in 


ation for Patients: Patients should be advised to report promptly any 





Drug interactions: LARA LR Drugs, Gemlibroei, Niacin (Nicotinic 
Acid), Erythromycin: See WARNINGS, Skeletal Muscle. 

oumarin Anticoagulants: in a small clinical trial in whieh lovastatin was 
administered ta warfarin-treated patients, na effect on prothrombin time was 
detected. However, another HMG-CoA reductase inhibitor has been found 
to produce a isss than 2-Second increase in prothrombin time in healthy 
volunteers receiving low doses of wartarin. Aiso. bleeding and/or increased 
prothrombin time have been reported in a tew patients taking coumarin antico- 
agulants concomitantly with lovastatin. It is recommended that in patients 
taking anticoagulants, prothrombin time be determined before starting Iova- 
Statin and frequently enough during early therapy to ensure that no significant 
alteration of prothrombin time occurs Once a stable prothrombin time has 
been documented. prothrombin times can be monitored at the intervals usualy 
recommended tor patients on coumarin anticoagulants. tf the dose of tova- 
Stati is changed. the same procedure should be repeated. Lovastatin therapy 
has not been associated with bleeding or with changes in prothrombin time in 
patients not taking anticoagulants. 

Antipyrine Because lovastatin had no effect on the pharmacokinetics of 
antipyrine or ifs metabolites, interactions of other drugs metaboiced va the 
Same cytochrome isozymes are nof expected. 

Prapranciol in normal volunteers. there was no clinically significant phar- 
macokinetic or pharmacodynamic interaction with concomitant administration 
of single doses of iovastatin and propranolol. 

Digoxin is patients with hypercholesterotemia, concomitant administration 
of lovastatin arid digoxin resulted in no effect on digaxir: plasma concentrations 

Other Concomitant Therapy: Although specific interaction studies were not 
performed, in clinical studies lovastaiin was used concomitantly with beta 
blockers. calcium channel blockers, diuretics, and nonsteroidal anti-imtiamma: 
tory drugs (NSAIDs) without evidence of clinically significant adverse interactions. 


Endocrine Function: HMG-CoA reductase inhibitors interfere with cholesterol 
synthesis and as such might theoretically blunt adrenal and/or gonadal steroid 
production. Results of clinical trials with drugs in this class have been meen- 
sistent with regard to drug effects on basal and reserve steroid levels. 
However, clinical studies have shown that lovastatin does not reduce basal 
plasma cortisol concentration or impair adrenal reserve and does not reduce 
basa: plasma testosterone concentration. Another HMG-CoA reductase 
inhibitor has been shown to reduce the plasma testosterone response to HCG. 
in the same study, the mean testosterone response to HCG was slightly but not 
significantly reduced after treatment with lovastatin 40 mg daily for 15 weeks 
in 21 men. The effects of HMG-CoA reductase inhibitors on male fertiity have 
not been studied in adequate numbers of male patients The effects. if any. on 
the pituitary-gonadal axis in premenopausal women are unknown. Patients 
treated with lovastatin who develop clinical evidence of endocrine dystunction 
should be evaluated appropriately. Caution should also be exercised if an HMG- 
CoA reductase infubitor or other agent used To lower cholesterol levels is 
administered ta patients also receiving other drugs e.g. ketoconazole, 
spironglactone. cimetidine) that may decrease the levels or activity of endoge- 
nous steroid hormones. 


CNS Toxicity: Lovastatin produced optic nerve degeneration (Wallerran degen- 
etation of retinageniculate fibers) in clinically normal dogs in a dose-dependent 
fashion starting at 60 mg/kg/day, a dose that produced mean plasma drug lev- 
eis about 30 times higher than the maan drug level in humans taking the high- 
ast recommended dose (as measured by total enzyme inhibitory actively). 
Vestibutocochtear Wallerian-fike degeneration and retinal ganghon cell chroma- 
folysis were also seen in dogs treated for 14 weeks at 180 mg/kgitday, a dose 
that resulted in à mean plasma drug level (Cea) similar to that seen with the 60 
mgckgday dose. | 

ONS vascular lesions, characterized by perivascular hemorrhage and 
edema. mononuciear cell infiltration of perivascular spaces. perivascular fibrin 
deposits, and necrosis of small vessels. were seen in dogs treated with lova- 
statin at a dose of 180 mg/kg/day. a dose that produced plasma drug ievels 
(Cral about 30 times higher than the mean values in humans taking 80 mg/day 

Similar optic nerve and ONS vascular lesions have bean observed with other 
drugs of this class. 


Carcinogenesis. Mutagenesis. impairment of Fertility In a 21-month carcino 
genic study in mice, there was a statistically significant increase in the ing- 
dence of hepatocellular carcinomas and adenomas in both males and females 
at 500 mg/kg/day. This dose produced a total plasma drug exposure 3 to 4 
times that of humans given the highest recommended dose of lovastatin (drug 
exposure was measured as total HMG-CoA reductase inhibitory activity in 
extracted plasma}. Tumor increases were not seen at 20 and 100 mg/g/day. 
doses that produced drug exposures of 0.3 to 2 times that of humans at the 80 
mg/day dose. A statistically significant increase in pulmonary adenomas was 
Seen in female mice at approximately 4 times the human drug exposure 
(Although mice were given 300 times the human dose [HDI on an mg/kg body 
wetght basis, plasma levels of total inhibitory activity were only 4 times higher 
in mice than in humans given BO mg of MEVACOR* ILovastatin] j 

There was an increase in incidence of papilloma in the nanglandular 
mucosa o! the stomach of mice beginning at exposures af 1 to 2 times that af 
humans The glandular mucosa was not affected. The human stomach con 
tains only glandular mucosa. 

In a 24-month carcinogenicity study in rats, there was a positive dose- 
response relationship for hepatocellular ap M in males at drug expo 
sures 2 ta 7 times that of human exposure at BÓ mg/day (doses in rats were 5. 
30. and 186 mgiiurday) 

A chemically similar drug in this class was administered to mice for 72 
weeks at 25. 100, and 400 mg/kg body weight. which resulted in mean serum 
drug levels approximately 3, 15, and 33 times higher than the mean human serum 
drug concentration (a5 total inhibitory activity) affer a 49-mg oral dose. Liver 
carcinomas were significantly increased in high-dose females and mid- and 
high-dose males. with a maximum incidence of 90% in males. The incidence of 
adenomas of the liver was significantly increased in mid- and high-dose 
females Drag treatment also significantly increased the incidence of Jung ade- 
nomas in mud- and igh-dose males and females. Adenomas of the Harderian 
giand (a gland of the eye of rodents} were significantly higher in high-dose 
mice fhan in controls. 

No evidence of matagenicity was observed in a microbial mutagen test 
using mutant strains of Saimonelia typhimurium with or without rat or mouse 
liver metabolic activation. in addition. no evidence of damage to genetic mate: 
rial was noted m an in vitro alkaline elut'on assay using rat or mouse hapalo 
cytes, a V-79 mammalian cell forward mutation study, an in vitro chromosome 
aberration study in CHO cells, or an in vivo chromosomal aberration assay in 
mouse bone marrow. 

Drug-related testicular atrophy. decreased spermatogenesis, spermatocytic 
degeneration, and giant cell formation were seen in dogs starting at 20 
mg/kgiday Similar findings were seen with another drug in this class. No drug- 
related effects an fertility were found in studies with lovastatin in rats. However. 
in studies with a similar drug in this class. there was decreased fertility in male 
rats treated for 34 weeks at 25 mg/kg body weight, although this effect was not 
observed in a subsequent fertility study when this same dose was administered 
lor t1 weeks (the entire cycle of spermatogenesis. including epididymal matura 
tion). in rats treated with this same reductase inhibitor at ^ BO mgikgíday, semi 
niterous tubule degeneration inecrasis and loss of spermatogenic epithelium 
was observed. No microscopic changes were observed in the festes from rats 
of either study. The clinical signiticance of these findings is unclear 


Pregnancy. Pregnancy Category X; See CONTRAINDICATIONS. 

alety in pregnant women has not been established. Lovastatin has been 
shown to produce skeletal malfarmations at plasma levels 40 times the human 
exposure (ior mouse fetus) and 80 times the human exposure (for rat fetus) 
based on mg/m’ surface area (doses were 800 nongoa) No drug-induced 
changes were seen in either species at multiples of 8 times (rat) or 4 times 
{mouse the human exposure based on surface area No evidence of mallor- 
mations was noted in rabbits at exposures up to 3 times the human exposure 
(dose of 15 mg/kg/day, highest tolerated dose). MEVACOR should be adminis- 
tered to women of childbearing potential oniy when such patients are highly 
unlikely to conceive and have been informed of the potential hazards. if the 
woman becomes pregnant while taking MEVACOR, it shoutd be discontinued, 
and the patient advised again as to the potential hazards to the fetus 


Nursing Mothers. tt is not known whether iovastatin is excreted in human milk. 
Because a small amount of another drug in this class is excreted in human 
breast mik and because of the potential far serious adverse reactions in nurs- 
ing infants, women taking MEVACOR should not nurse their infants {see CON- 
TRAINDICATIONS 3. 


Pediatric Lise: Satety and effectiveness in chidren and adolescents have not 
been established. Because children and adolescents are not likely to benefit 
from cholesterol lowering for at least a decade and because experience with 
this drug is limited ino studies in subjects below the age of 20 years). treat- 
ment of chidren with lovastatin is not recommended at this time. 





ADVERSE REACTIONS: MEVACOR' 
adverse reactions usually have been 
patients were discontinued from cónttolh 
due to adverse experiences attributable AE 
were discontinued from extensions of these: studies du erSe 8X 
ences attributable to MEVACOR; about half of these patients were discontinued — 
due io increases in serum transaminases. The median duration of therapy in ` 
these extensions was 5.2 years. — 

in the EXCEL study (see CLINICAL PHARMACOLOGY, Clinical Studies in the 
luli Prescribing information), 4.6% of the patients treated up to 48 weeks were 
discontinued due to clinical or laboratory adverse experiences that were rated 
2 the investigator as possibly. probably. or definitely related to therapy with 

EVACOR. The value for the placebo group was 2.5%. 


Clinical Adverse Experiences: Adverse experiences reported in patients (95) 
treated with MEVACOR (n-813) in controlled clinical studies are: 
Gastrointestinal: constipation, 4.9; diarrhea, 5.5; dyspepsia. 19; fatus, 54; 
abdominal pain/cramps. 5.7; heartburn, 1.6: nausea. 4.7; Musculoskeletal: 
muscle cramps, 1.1; myalgia, 2 4: Nervous System/Psychiatric: dizziness, 2.0; 
headache, 9.2: Skin: rashépruritus. 5.2: Special Senses: blurred vision, 1.5: 
dysgeusia. 0.8. 


Laboratory Tests: Marked y ica increases of serum transaminases have 
been noted (see WARNINGS). 

About 11% of patients had elevations of creatine phosphokinase (CPK) 
levels of af least twice the normal value on one or more occasions. The corre- 
sponding values for the control agents were cholestyramine, 9%, and probu- 
col, 2%. This was attributable to the noncardiac fraction of CPK. Large increases 
in CPK have sometimes been reported (see WARNINGS, Skeletal Muscie}. 


Expanded Clinical Evaluation of Lovastatin (EXCEL) Study: Clinical Adverse 
Experiences: MEVACOR was compared to placebo in 8.245 patients with 
hyperchotesterolemia (total cholesterol 240 to 300 mg/dl. (6.2-7.8 mmol} in 
the randomized, double-blind, paratiel, 48-week EXCEL study. Clinical adverse 
experiences reported as possibly, probably, or definitely drug related in 2 19 of 
any treatment group are shown in the tabie below. For no event was the inci- 
dence on drug and placebo statistically different. 


MEVACOR 


Placebo. 20mgg pum. dómgapm. 20mgbid. 40mgbid 
(81.553). inet 642} (n21,545) — inz1546)  (n-1640 
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Body as a Whole 
Asthena 
Gastrointestinal 
Abdominal pain 
Constipation 
Diarrhea 
Dyspepsia 
Flatulence 
Nausea 
Musculoskeletal 
Muscie cramps 
Myaigia 
Nervous System? 
Psychiatrie 
Dizziness B. 
Headache 2. 
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Skin 
Rash 

Specia! Senses 
Blurred vision 0.8 11 0.9 0.9 12 


Other clinical adverse experiences reported as possibly. probably, or defi- 
nitely drug related in 0.5 to 1% of patients in any drug-treated group are fisted 
below. In alf these cases. the incidence an drug and placebo was not statistical 
" different. Body as à Whole: chest pain; Gastrointestinal: acid regurgitation, 

ry mouth. vomiting. Musculoskeletal: leg pain, shoulder pain, arthraigia: 
Nervous System/Psychigtric: insomnia, paresthesia. Skin: alopecia. pruritus: 
Special Senses: eye writation, 


Concomitant Therapy in controlled clinical studies in which lovastatin was 
administered Concomitantly with cholestyramine, no adverse reactions peculiar 
to this concomitant treatment were observed. The adverse reactions that 
occurred were limited to those reported previousty with lovastatin 
or cholestyramine. Other lipid-lowering agents were not administered con- 
comitantly with lovastatin during controlied clinical studies. Preliminary data 
suggest that the addition of either probucol or gemfibrozil to therapy with 
lovastatin is not associated with greater reduction in LDL cholesterol than that 
achieved with lovastatin alone. In uncontrolled clinical studias, mast af the 
patients who have developed myopathy were receiving concomitant therapy 
with immunosuppressive drugs. gemfibrozil, or niacin (nicotinic acid) (see 
WARNINGS, Skeletai Muscie}. 


The following effects have been reported with drugs n this class: 

Skeletai: myopathy. chabdomyolysis, arthralgias. 

Neurological: dysfunction of certain cranial nerves (including alteration of 
taste, impairment of extraocular movement, facial paresis}. tremor, vertigo. 
memory loss, paresthesia. peripheral neuropathy, peripheral nerve palsy. amu- 
ety. insomnia, depression. 

Hypersensitivity Reactions: an apparent Mgr ie Hi syndrome has been 
reported rarely that has included one or more of the following features: ana- 
phylaxis. angioedema. lupus erythematous-like syndrome, polymyaigia 
rheumatica, vasculitis, purpura. thrombocytopenia, leukopenia, hemolytic ane- 
mia. positive ANA, ESA increase, arthritis, arthralgia, urticaria, asthenia, photo- 
sensitivity, fever, chiis, flushing, malaise, dyspnea, toxic epidermal necrolysis. 
erythema multiforme, including Stevens-Johnson syndrome. 

Gastrointestinal pancreatitis, hepatitis, including chronic active hepatitis. 
cholestatic jaundice. fatty change in fiver, and rarely, cirrhosis, fulminant hep- 
atic necrosis. and hepatoma; anorexia, vomiting. 

Skin: alopecia, 

Reproductive: gynecomastia, toss of libido, erectile dysfunction 

Eye. progression of cataracts (lens opacities}, ophthalmoplegia. 


Laboratory Abnormalities: elevated transaminases. alkaline phosphatase. and 
bilirubin; thyroid function abnormalities. 


OVERDOSAGE: After oral administration of MEVACOR to mice, the median 
lethal dose observed was »15 g/m* 

Five healthy human volunteers have received up to 200 mg of lovastatin as 
a single dose without citnically significant adverse experiences. A few cases of 
accidental overdosage have been reported, no patients had any specific symp- 
toms. and aH patients recovered without sequatae. The maximum dose taken 
was 5 ta & g. 

Until further experience is obtained, no specific treatment of overdosage 
with MEVACOR can be recommended. 

The dialyzatility of lovastatin and its metabolites in man is not known at present. 


DOSAGE AND ADMINISTRATION: The patient shouid be placed on a standard 
cholesteroliowering diet before receiving MEVACOR and should continue on 
this diet during treatment with MEVACOR. MEVACOR should be given with meats. 

The recommended starting dose is 20 "P ance a day given with the evening 
meal. The recommended dosing range is 20 to BO mg/day in single or divided 
doses: the maximum recommended dose is 80 mg/day. Adjustments of dosage 
Should be made at intervals of 4 weeks or more. Doses should be individual- 
ized according to the patient's response (see Tables ! to IV under CLINICAL 
PHARMACOLOGY. Clinical Studies in the full Prescribing information tor dose- 
response results}. 

In patients taking immunosuppressive drugs concomitantly with lovastatin 
isee WARNINGS. Skeletal Muscle), therapy should begin with 10 mg of 
MEVACOR and shouid not exceed 20 mg/day, — 

Cholesterol teveis should be monitored Poarta and consideration 
should be given to reducing the dosage of MEVACOR if cholesterot ievels fail 
below the targeted range. 


Dosage in Patients with Rena! insufficiency: in patients with severe renal insuf: ` 
ficiency (creatinine clearance «30 mL/min}, dosage increases above 20 mg/day 
shouid be carefully considered and, if deemed necessary, implemented cau- 
tiously (see CLINICAL PHARMACOLOGY in the full Prescribing Information and 
WARNINGS, Skeletal Muscle). 


For more detaiied information, consult your MSD Representative or tee the 
Prescribing information. — Pu a 
Merck Sharp & Dohme, Division of Merck & Co.. inc. Wast Point, PA 19486. 


* Registered trademark of MERCK & CO.. Inc. 
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CORONARY ARTERY DISEASE 


Q-Wave Acute Myocardial Infar = 
Marcello Galvani, Filippo Ottani, Donatella Ferrini, Francesco Sorbello, and 
Franco Rusticali 


One hundred seventy-two patients recovering from. Q-wave acute. myocar- MEM 
dial infarction were followed for up to 10 years to assess the prognostic = 
significance of the patent infarct-related artery. All patients were studied by — 
coronary angiography before hospital discharge and selected on the basis — 
of the presence of 1-vessel disease. Among several clinical and. angiographic Sen dune 
variables, multivariate logistic regression analysis identified patency of the — 
infarct-related artery and end-systolic volume index as independ 
tors of survival. Patency of the infarct-related artery was also the oi 
pendent determinant of nonfatal recurrent ischemia. During follo 
deaths were observed among patients without left ventricular (IA 
function, irrespective of vessel patency. In the subset with LV dysfunction 
mortality was 30% among patients without anterograde perfusion compared - 
with 2% among those with preserved flow. This finding suggests the need 
for specific treatment strategies in patients with an occluded infarct-related - 
artery and damaged LV function. C» os 















Technetium-99m d by Simuitaneo Tomography. : 
Thomas Krause, Wolfgang Kasper, Thomas Meinertz, Markus Schnitzler, Hani f 
Just, Car! Schümichen, and Ernst Moser 


In a subgroup of 45 patients with acute myocardial infarction from. the P 
man multicenter trial of anisoylated plasminogen streptokinase 
complex (APSAC) (n = 20) versus heparin (n = 25), simultaneous th 
(TD-201 technetium (Tc)-99m pyrophosphate (PYP) tomography was 
ated to elucidate a possible benefit of APSAC over heparin. Findings in 
2 treatment groups were similar with respect to coronary paten 
defect score, relative scintigraphic infarct size, global ejection frac 
imal creatine kinase level, and 2 different ETC c 99m PYP accu 

















homogeneous. and Inomoenedus ). However, patients with 


oe S cintigraphic i mat size and TE: 201 S score were nai in 







eie and coronary uen the TI- 201 T c-99m PYP accumulation pat- 
vas useful in differentiating patients with from those without an adverse 
al course. 
















hanes J M. L. “Hoffmann, Johannes J. R. M. Bonnier, Paul G. Melman, aa, 
ngrid Bartholomeus 


¿plase in 10 patients with acute myocardial infarction. In addition, coronary 
angiography was performed in order to assess cardiac output after 90 min- - 





- -- significant reductions in viscosity, hematocrit and fibrinogen were recorded, 
<- -< which lasted for about 2 days. Subsequently, blood and plasma viscosity 
markedly increased, mainly as a result of fibrinogen rebound. In multiple 
gression analysis, the hematocrit appeared to be the most important deter- 
>> minant of blood viscosity, followed by fibrinogen. Cardiac output was not 
udi correlated with the striking changes in blood rheology. 





fec : of Late (1 to 30 Days) Reperfusion After Acute 





























oo M J Ragosta, Peter J. Sabia, Sanjiv Kaul, John P. DiMarco, lan J. Sarembock, and 
a H Eric R Powers 


] o stu udy the effect of late reperfusion (224 hours) after acute myocardial 

nfarction on the signal-averaged electrocardiogram (SAECG), SAECGs, 
ardiograms and thallium-201 images on 41 patients were obtained 
-and 1 month after angioplasty of the occluded infarct-related artery. 
lasty, performed 12 + 8 days after infarction, was successful in 32 
and unsuccessful in 9. There was no change in the incidence of 
entials after successful reperfusion (13 of 32 patients before and 13 
tients 1 month later) or after unsuccessful reperfusion (6 of 9 patients 
and 5 of 9 patients 1 month later). No effect was seen on the QRS 
on. or the terminal signal duration «40 uV in patients with success- 
perfusion; a small improvement in the terminal root-mean-square volt- 
s observed. Among patients with successful reperfusion, those with- 
- potentials at baseline had improved wall motion to a greater extent 
ose with late potentials, suggesting that the presence of viable 
dium is associated with less abnormalities on the SAECG. It is con- 
that the SAECG does not change after late reperfusion and- that a 
AECG i is associated with viable myocardium. | 
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nce of in-hospital complications than patients ye a  hotiogencons. E 


This study documents the changes in viscosity of blood and plasma, in j AUS p 
-hematocrit and in plasma fibrinogen during thrombolytic therapy withanistre- — = 





| : utes. and 48 hours. Within 30 minutes from starting thrombolytic therapy, — 


















found | in Pu arm ea. group and the highest in in ‘the nonrehabilitatec | Ip [d 
(p «0.02), whereas they were within normal limits in the calisthenic group. 
More isolated ventricular premature beats (p «0.05), complex ventricular — 
arrhythmias (p «0.05) and episodes of nonsustained ventricular tachycardia — ^ 
(p «0.03) were found in nonrehabilitated patients than in rehabilitated ones. — 
It appears that a long-term rehabilitation program decreases neuroadrener- = 
gic activity, the arrhythmogenic effect of catecholamines and HABUIT: us 
the incidence of ventricular arrhythmias. A sed 













of a ! New Method of Analyzing Coronary / 

Quantitatively in ‘Coronary. tery D i 
‘David D. McPherson Maryl R. Johnson, Steven M. Coll lins, Robert A. Kieso, Melvin 
` Marcus, and Richard E. Kerber 
















The purpose of this project was to compare coronary arte 
measured 20 oa Fon hene rris i with measur e m. en nis s ol 





agree well with prex sene epicardial echocardiography. TI Th ves 
question the validity of traditional angiographic percent diamet 
stenosis measurements as an accurate estimation of coronary atheros 
ic obstruction but confirm that quantitative corońary: angiographic es 
accurately predict residual lumen area. : eode 





Continued on page AIS. 
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Your patients are vulnerable to anginal attacks — 
every hour of the day and night. 


PROCARDIA XL, taken once a day, offers the 
assurance of predictable 24-hour plasma levels! 
and the confidence of full 24-hour control? 

...a Victory in angina. 


Once-a-Day 


rocardia XL 


- (nifedipine) Extended Release 


S e Tablets 30 mg, 60 mg and 90 mg GITS 


-HOUR CONTROL ——— 
IY DOSING © 3 
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PROCARDIA X — Extended Release Tabiels l 
CONTRAINDICA 3: Known hypersensitivity reaction to nütidipine, 


Wi ;ExO 
tolerated, occasional patients have had excessive and poor 
beta Blocks 


hypotension and/or increased fluid volume requirements have been reported in patients receiving nifedipine together Carcinogenesis, Mutagenesis, impairment of Fertility: Nifedipine was administered orally to rats, for two years and was not 
i oot n dose fentanyl anesthesia. The interaction shown to be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at a dose approximately 30 times 
a blocker, but the possibility that R may occur the maximum recommended human dose, /n vive mutagenicity studies were negative. 
with iow doses of fentanyl, in other surgical procedures, or with other narcotic analgesics cannot be ruled Pregnancy: Pregnancy EC has been shewn to be teratogenic in rats when given in doses 30 times the maximum 
idipine-treated patients where surgery using high dese fentanyt anesthesia is contemplated, the physician should be recommended human dose. Niet | 
i forms. increased fetal deaths, decreased neonatal survival) in rats, mice, and rabbits at doses of from 3 to 10 times the maximum 
recommended human dose. in pregnant monkeys. doses 2/3 and twice the maximum recommended human dose resulted in small 
placentas and underdeveloped chorionic vili. in rats, doses three times maximum human dose and higher Caused prolo 


nt who underwent coronary artery bypass su 


e following 




















"weil documented increased frequency duration a 
atthe time of dosage creme e 


es: 
M, Reitberg DP, Gaffney M, Singleton W. Clinical pharmacokinetics of nifedipine 


information should be taken inte account in those patients who are being treated for hypertension as well as 


meshanism of this affect is not established 





Procardia 


(niFedioine) Extended Release 


Tablets 30 mg, 60 mg and 90 mg GITS 


A VICIORY IN ANGINA 


Confidence and Convenience Combined 











e Start patients on a single 30-mg or 60-mg PROCARDIA XL 
Extended Release Tablet, swallowed whole, once a day 

e In patients with angina, doses above 90 mg should be 
used with caution and only when clinically warranted 


e Side effects include peripheral edema, which is not 
associated with fluid retention, and headache 


PROCARDIA XL Also Provides Confident 
24-Hour Control of Elevated Blood Pressure? 


e In patients with hypertension, doses above 120 mg 


are not recommended 


Coumarin Anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin anticnagu- 


For Oral Use lants to whom nifedipine was administered. However, the relationship to nifedipine therapy is uncertain 


| Cimetidine: A study in six healthy volunteers has shown 4 significant increase in peak nitedipine plasma levels (80%) and arga- 
ARNINGR: Excessive Hypotension: Although in most angi pa the hypotensive effect of nifedipine is modest and well under-the-curve (74%), after a one weak course of cimetidine at 1000 mg per day and nifedipine at 40 mg per day. Ranitidine pro- 
tolerated hypotension. These responses have usually occurred duced smaller, non-significant increases. The effect may be mediated by the known inhibition of cimetidine on hepatic 
during initial titration or at the time of subsequent upward dosage adjustment, and may be more likely in patients on concomitant cytochrome P-450, the ei system probably responsible for the first-pass metabolism of nifedipine. if nifedipine therapy is 


initiated in a patient currently recetving cimetidine, cautious titration is advised. 


regnancy. There are no adequate and well controlled studies in pregnant women. PROCARDIA XL* (nifedipine) 


i infarction; Rarely. patienis, particularly those who have severe obstructive coronary artery abiets should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 
ni severity of angina or acute myocardial infarction ADVERSE EXPERIENCES: Qver 1000 


rüfedipine would be placebo incidence). Of these, oniy edema and headache were more common 


dependent manner with an incidence ranging from nonspecific), dyspnea; urogenitat: viria polyuria. 
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oe 
ly transient, 
TRE 


ught to be associated Other adverse reactions were 


coughing, epistaxis, upper respiratory tract infection, respiratory disorder. sinusitis, special senses: a 
mai vision, taste perversion, tinnitus; urogenitalreproductive. breast pain, dysuria, hematuria, nocturia. 


ted, The pina therapy is uncertain in most cases, but probable in some. medications. 
associated 


with clinical symptoms; however, cholestasis with or without jaundice . The following adverse experiences, reported in less than 1% of patients, occurred under conditions (e.g., open trials, marketing 










osphatase was noted in patients treated with PROCARDIA XL, This experience) where a causal relationship is uncertain: gastrointestinal irritation, gastrointestinal bleeding. 
is ani it rarely resulted in values which fell outside the normal range. in rnultiple-dose U.S. and foreign controlled studies with nifedipine capsules in which adverse reactions were reported sponta- 
controled studies, PROCARDIA XL did not adversely affect serum unie neously, adverse effects were frequent but generally not serious and rarely required discontinuation of or dosage adjust- 
ir: patients receiving PROCARDIA XL in the absence of concomi- ment. Most were expected consequences of the vasodilator effects of Procardia. er hira aaa reported in placebo-Con- 
trotied trials include: dizziness, lightheadedness. and giddiness be compared to 15% p incidence); flushing, heat sensa- 
tion (25%, compared to 8% placebo incidence), e (23%, compared to 20% placebo incidenos); weakness 


nation may increase tha likelihood of duction disturbances each occurred in fewer than 0.5% of patients. 


ES 


digoxi 


compared to 3% placebo incidence}: peripheral edema (7%, compared to 1% placebo incidence 


occurred in about 4% of patients and congestive heart failure or 
in a subgroup of over 1000 patients receiving Procardia with concomitant beta blocker th 


20 patients. Syncope occurred in approximately one patient in 260. Myocardi 


In post-marketing experience, there have been rare reports of extoliative dermatitis caused by nifedipine. 


Pfizer Labs 








CONFIDENT 24-HOUR CONTROL WITH ONCE-DAILY DOSING 


29 Forks therapeutic system: a controlled-release formulation of nifedipine. Am J Med. 
1987;83/suppl 68):10-14. 2. Bittar N. Usefulness of nifedipine for myocardial ischemia and the nifedipine gastrointestinal therapeutic system. Am ] Cardiol. 1989;64:31F-34F. 3. 
Krakoff LR, Tuck MK, Friedman CP, the MATH Study Group. Effects of nifedipine gastrointestinal therapeutic system (NGITS) in older (O) and younger (Y) essential hypertensives. 


pine was embryotoxic (increased fetal resorptions, decreased fetal weight, increased stunted 


patients from both controlled and open triais with PROCARDIA XL Extended Release Tablets 
; in hypertension and angina were included in the evaluation of adverse experiences. Ail side affects reported during PROCARDIA XL. 
Withdrawal: itis important to taper beta blockerssf possible, rather than stopping them abruptly before beginning Extended Release Tablet therapy were tabulated independent of their causal relation to medication. The most common side 
binckers mayalavelop a withdrawal syndrome with increased angina, probably reported with PROCARDIA XL was edema which was dose related and ranged in frequency from approximately 10% to about 30% 

initiation of rdedipine treatment will not prevent this occurrence and on occa- at the highest dose studied (180 mg}. Other common adverse experiences reported in placebo-Con 
(15.895. compared to 9.8% placebo porera fatique (5.9%, compared to 4.1% placebo incidence), dizziness {4, 1%, compared 
ng nifedi- in 4.5% placebo incidence), constipation (3.3%, compared to 2.3% placebo deret and nausea (3.3%, compared to 1.9% 
in PROCARDIA XL patients than placebo patien 
The followin rse reactions occurred with an incidence of less than 3.0%. With the exception of lag cramps, the incidence 
of these side was similar to that of placebo alone; body as a whole/systemic : asthenia, flushing. pain, cardiovascular : pai- 
pitations; central nervous system : insomnia, nervousness, paresthesia, somnolence, dermatologic : pruritus, rash; gastrointesti- 
WARNINGS.) nai: abdominal pain, diarrhea, dry mouth, dyspepsia, flatulence: musculoskeletal arthralgia, leg cramps, respiratory : chest pain 


trolled trials include: 


reported sporadically with an incidence of 1.0% or less. These include: body as a whofe/systemic : 

dysfunction or generalized fluid face edema, fever, hot flashes, malaise, periorbital edema, rigors, cardiovascular : oe hypotension, increased angina. 
tachycardia, syncope: central nervous system : anxiety, ataxia, decreased libido, depression, hypertonia, hypoes 
paroniria, tremor, vertigo; dermatologic: alopecia, increased sweating, urticaria, purpura: gastrointestinal: eructation, gastro- 
esophageal reflux, gum hyperplasia, melena, vomiting. weight increase; musculoskeletal: back pain, pout € esta 
nor crimation, abnor- 


Adverse experiences which occurred in less than 1 in 1000 patients cannot be distinguished from concurrent disease states or 


) once) 

7%, compared to 4% placebo incidence); palpitation (75, compared to 5% aes incidence), dyspnea, cough, 
i : 6%, compared to 8% placebo incidence 
There is aiso a large uncontrolied experience in over 2100 patients in the United States. Most of the patients had 


these patients. H remains possible, however, that some or pi of these events were drug related, Myocardial 
p 


py, the pattern and incidence of 

adverse experiences was not different from that of the entire group of Procardia treated patients (See PRECAUTIONS.) 
in a subgroup of approximately 250 patients with a diagnosis of congestive heart failure as wall as angina, dizziness or light- 
headedness, edle edema, headache or flushing each occurred in one in am patients, Hypotension occurred in about one in 
y ; infarction or symptoms of congestive heart failure 

each occurred in abut one patient in 15, Atrial or ventricular dysrhythmias each occurred in about one patient in 150. 


More detailed professional information available on request. Revised July 1990 
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tomatic my x h high p pretest t probably oí of coronary 4 f: yam ery 
studied E infusion. Tates Ao to 20 aucun Ding 24 ; 


gy was seen in 7 of 23 fing, 3 co 4g) with and 8 of 28 = i 
without events s (p <0. 00); 5 of 6 paani (83%) Ww ; 


occurred in 8 of 25 patients ( 32%) with a positi iV 
oo with a negative stress  echocardiogr ram ( 


appear at higher ik of : an AER outcome. Th is 1 y aii i 
coronary angiography and Prognose revascula zation, paticalay - in 
patients unable to exercise. a 


Edward L. Rose, Xiu J. Liu, Michael Henley, John “gi Lewis, gen B. faten, a and 


Avijit Lahiri, with the technical assistance of Usha Raval 


Two hundred thirty-six patients with- peripheral vascular ias | 
prospectively studied to assess whether noninvasive cardiac investiga n 
could predict prognosis better than simple clinical assessment. Clinical 
tory examination and resting electrocardiography, exercise electroc 
diography, Holter monitoring, “radionuclide ventriculography and di 
amole thallium imaging were performed. Follow-up for 6 to 30 m 
revealed major cardiac events in 21 patients. Cox survival analysis demon- 
strated that clinical coronary artery disease was the best vanable that pre- 
dicted cardiac events with no help from other clinic 
invasive cardiac assessment was added, dipyrid: mole thallium | 
ratio and left ventricular ejection fraction added incrementally t 
diction of cardiac events. Results of exercise electrocardiograp 
monitoring did not help. It is concluded that high lung upta 
during dipyridamole stress and impaired left ventricular ejection fracti a 
assist in identifying patients with peripheral vascular disea: e who: are at- 
higher cardiac risk and should therefore be used in. deciding: subsequent 
management. 




















































‘irs drame balls n Cholesterol intervention 
m al (HIT) for Secondary Prevention of Coronary Artery 
-Disease in Men with Low High-Density Lipoprotein 
Ch lesterol and Desirable Low-Density Lipoprotein 
| (€ “holesterol 
Hanna Bloomfield Rubins, Sander J. Robins, Marika K. Iwane, William E. Boden, 
Marshall B. Elam, Carol L. Fye, David J. Gordon, Ernst J. Schaefer, Gordon .- 
Schectman, and Janet T. Wittes, for the Department of Veterans Affairs HIT T Study 
2 Group 














leu mm This study describes the rationale and design of the bees of Veler- ae 
ans Affairs High-density Lipoprotein (HDL) Intervention Trial (HIT), a mul- 
- . ficenter, randomized, controlled clinical trial designed to determine whether 
lipid therapy reduces the combined incidence of coronary artery disease ^. 
(CAD) death and nonfatal myocardial infarction in men with established — 
CAD who have low levels of HDL cholesterol with ‘‘desirable’’ levels. ‘of 
low-density lipoprotein cholesterol. Twenty-five hundred men with CAD |. 
and this lipid profile are being recruited at 20 Department of Veterans Affairs _ 
medical centers, randomized to either gemfibrozil or placebo, and followed 
in a double-blind manner for an average of 6 years. Since an estimated 20 — 
to 30% of men with CAD have low HDL cholesterol as their primary lipid - 
- . abnormality, the results of this trial are expected to have far-reaching clin- 
7 ical dnpicaHons. 











ü ARRHY HMIAS AND CONDUCTION DISTURBANCES 













nparison of Effects of Propranolol Versus Pindolol on 
inus Rate and Pacing Frequency in Sick Sinus Syndrome 
dam Strickberger, R. David Fish, Gervasio A. Lamas, Catherine Cantillon, 
der Bhatia, Noreen McGowan, Elliott M. Antman, and Peter L. Friedman 


seta blockers in patients with sick sinus syndrome (SSS) may prevent 
s upraventricular arrhythmias, systemic hypertension and ischemia, but may 
Cause! excessive depression of sinus node function. Beta blockers with intrin- 
sic sympathomimetic activity may be advantageous. In a double-blind 
crossover trial in 8 patients with SSS and a permanent pacemaker, the effect 
of. pindolol. on bradycardia was compared with that of propranolol. Holter 
monitors were used to evaluate the frequency of pacing and ambulatory 
sinus heart rates. When treated with pindolol rather than propranolol, the 
maximal ambulatory sinus heart rate was 30% higher (p = 0.02), while the 
amount of pacing per day was reduced by 54% (p = 0.04). Therefore, treat- 
H ing SSS patients v ith B blockers with intrinsic sympathomimetic activity 
ay result in less bradycardia than treatment with conventional B blockers. 
In some patients this may help to prevent prophylactic pacemaker implan- 
tation, and for patients already with VVI pacemakers, chronotropic incom- 

. petence and pacemaker syndrome as well. 
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episodes was faster (140 + 32 vs 124 + 16 beats/min; p <0.01) and the dura- 
tion longer (5.3 € 2.0 vs 4.0 + 1.0 beats; p «0.02) than the multiform 
episodes. Six (30%) of the uniform episodes had an irregular rate resem- 
bling atrial fibrillation. The majority (87%) of multiform episodes had only 
2 different QRS morphologies on the ECGp. Four unique patterns of QRS 
morphologies were found within individual multiform nonsustained VT runs. 
Patients with multiple episodes of nonsustained VT frequently had differ- 
ing patterns and morphologies between episodes. Further studies are need- 
ed to evaluate the clinical usefulness of the information in the management 
of patients with nonsustained VT. 








63 | ! 
Delayed Restoration of Atrial Function After 












Atrial Flutter by Pacing or Electrical Cardioversion 
Luc Jordaens, Luc Missault, Eric Germonpré, Benedict Callens, Luc 
Johan Vandenbogaerde, and Denis L. Clement : 















A prospective study was performed with echo-Doppler to evaluate 
ic transmitral flow in 22 patients with atrial flutter before and after c 
sion to sinus rhythm. Conversion was performed in a randomized was 
either overdrive pacing or 50 J shocks. A backup shock of 200 J wa 
ered if the former methods were unsuccessful. Atrial filling fract 
peak velocity of late diastolic filling were reduced immediate 
each method). Both parameters gradually increa: 
irs. Further significant improvement of at 
weeks. No differences between overdriv 
ion were detected. e 



















antations at our institution, 


















E patients and <10 J in 2 patients. r vis improvemen i as S 
<0.005). With 11.4 + 5.6 months of follow-up, no adverse | co 1 
| occurred from use of these multiple-patch systems. : 







“James F. Sneddon, Peter J. Counihan, Yaver Bashir, Guy A. Bod Davi E. Ward, 
and A. John Camm 
























— "Immediate responses to head-up tilt were determined in 78 consecutive 
. patients with unexplained syncope undergoing 45-minute tilt tests at 60°. 
_ Thirty-four patients developed neurally mediated syncope (mean time to 
-= syncope 18 minutes), and 40 tolerated the full duration of tilt. Blood pres- | 
. Sure, heart rate, and forearm blood flow and vascular resistance were mea- — 
sured at baseline and after 2 and 5 minutes of tilt. There was no difference 
between the groups in heart rate or blood pressure at 2 minutes, but at 5 
minutes, there was a small but significant percent reduction in mean arte-- 
rial pressure from baseline in syncopal patients. In syncopal patients, fore- 
rm vascular resistance was 51.0 and 44.0 at 2 and 5 minutes, respective- 
ly, whereas in nonsyncopal patients, it was 82.4 (p «0.02) and 73.1 (p 
«0.001), respectively. Patients with tilt-induced syncope have clearly demon- 
strable abnormalities in vascular control immediately after assumption of 
the upright posture. The results shed new light on the pathophysiology of 
neurally mediated syncope. 














A Pop lation-Based Estimate of Candidacy Rates for the 
le Cardioverter-Defibrillator 
l 1a E. Kottke, Marshall S. Stanton, Kent R. Bailey, Wyatt W. Decker, and 
Stephen C. Hammill 





Co A retrospective review of medical records was performed in a defined pop- 
Pe ulation to estimate the candidacy rates for implantable cardioverter-defibril- 
ators (ICDs). Subjects were defined as noncandidates, possible candidates 

efinite candidates on the basis of American Heart Association/; 
..s “College of. MO EY guidelines. Candidacy rates for this populatio 
m from E x 100,000 sh ina 2 sil definite candidates from 1976 to f Es 


vi 


























ntial to ^ 
if id Na an ICD. In a nee eee with death rates s froni heart c 
- of approximately 280/100,000, 0.6 to 1.6% of subjects have the 
al to have their deaths delayed to some extent by an ICD. Extrapo- . 
lated to the 1990 United States population, it is estimated that 8,207 to — 

21 ,637 subjects become device candidates each year. : 
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The "C design" of the Cordarone® tablet is a registered trademark of Wyeth-Ayerst Laboratories. 


Cordarone? is intended for use only in patients with the indicated 
life-threatening arrhythmias because its use is accompanied by 
` serious adverse reactions. 
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management difficulties (See "Warnings" be 
eating documented, life-threatening recurrent aentricular 
irifiation of recurrent hemodynamically unstablesantricular 
ycatdia that are unresponsive to documented adequate doses of 
her antiatrhythmics or when alternative agents ace not tolerated. 
Carola trials show no evidence that Cordarone ‘favorably affects 
For use only by physicians familiar with and with azcess to (directly or 
via teferral) all available modalities for treating recurrent tife- 
fhiteatening ventricular arrhythmias, including access to appropriate 
monitoring facilities and continuous electrocardiographic monitoring 
and bevel apt a techniques. Due to the life-ttreatening nature of 
the atthythmias treated, potential interactions with zrior therapy, and 
ial arrhythmia exacerbation, start Cordaronean a hospital setting. 
ntraindications: Severe sinus-node dystunctian, with marked 
us bradycardia: 2nd- and 3rd-degree atrioventricular (AV) block; 
isodes of bradycardia which cause eue (except when used with a 
pacemaker); known hypersensitivity to the drug. 
























































Warnings: Cordarone is intended for use anly in patients 
with the indicated life-threatening imias because its 
use is accompanied by substantial toxicity. 


Cordarone has several potentially fatal toxicities, the most 

mportant of which is pulmonary toxicity Hypersensitivity 

preumonitis or iaterstitial/ alveotar pneumonitis) that has 

resulted in clinically manifest disease at rates as high as 

10 to 17% in some series of patients with ventricular 

arrhythmias given doses around 400 mg/tay, and as 

abnormal diffusion capacity without symptoms in a much 

Pa telae icr patients. Pulmonary toxicity has been 
Mal about 10% of the time. Liver qur! le common with 

. Cordarona, but is usually mild and evidenced only by 

. abnormal liver enzymes. Overt liver disexsa can occur, 

| however, and has been fatal in a few cases. Like other 

“| antiarrhythmics, Cordarone can exacerbate the arrhythmia, 
Tl. making the a a less well tglerated or more 

l difficult to reversa. This has occurred in 24% of patients in 

_ various series, and signiticant heart blocicor sinus 

bradycardia has been seen in 2-5%. All ofthese events 

_ Should be manageable in the proper clinica! setting in most 

“gases. Although the frequency of such proarrhythmic 

events does not appear greater with Cordarone than with 

. many other agents used in this population. the effects are 

“prolonged when they occur. 


. Even in patients at high risk of arrhythmic death, in whom 

the toxicity of rone is an acceptabie risk, Cordarone 

B mw major management problems that could be liie- 

- threatening in a population at risk of sudden death, so that 
tun attori should be made to utilize altemative agents 


— The difficulty of using Cordarone effactive’y and sray 
= Hself- poses a significant risk to patients, Patients with the 
indicated arrhyiimias must be hospitalized while the 

loading dose of Cordarone is given, and s response 
generally requires at least one week, usually two or more. 
Because absorption and elimination are variable, 
.maintenance-dose selection is difficult, and it is not 
. unusual to require dosage decrease or discontinuation of 
‘treatment. in a retrospective survey of 182 patients with 
- ventricular tachyarrhythmias, B4 required dose reduction 
-and 18 required at feast temporary discontinuation because 
of adverse effects, and several series have reported 15 to 
. 20% overall frequencies of discontinuation due to adverse 
. reactions. The time at which a previously controlled life- 
“threatening arrhythmia will recur after discontinuation or 
 doss adjustment is unpredictable, ranging from weeks to 


Ff 


subsequent treatment is tried. 


PULMONARY TOXICITY: Cordarone may cause a.wendrome of cough 
and progressive dyspnea with functional, radiogragnic, gallium-scan 
and pathological data consistent with pulmonary tasicity. frequency 
usually varies from 2-796. but can be as high as 10-1796. Thus, at start 
Hherapy. perform baseline chest x-ray and pulmasary-tunction tests. 
including diffusion capacity. Repeat history, physical exam (PE), and 
Chest x-ray every 3-6 months. 
Preexisting pulmonary disease does nat appear taxincrease risk of 
toxicity, however, prognosis is poorer if puimonarytoxicity develops. 


Cordarone-induced pulmonary toxicity seems to result from indirect 
(hypersensitivity pneumonitis) or direct (interstitiaalveoiar 
eumonitis) Toxicity. 
/persensitivity pneumonitis usually appears safiy in therapy: 
rechallenge results in a more rapid and severe recurrence. 
Bronchoalveolar lavage is procedure of choice to senfirm diagnosis. 
made when a T suppressor/cytotoxic (CO8 - positive) lymphocytosis 
Oted. Treat with steroids and stop Cordarone. 
interstitialalveolar pneumonitis, chatacterized uy diffuse alveolar 
damage, interstitial pneumonitis or fibrosis in lung biopsies. 
Phospholipidosis (foamy cells, thamy macrophages) is present in most 
cases of Cordarone-induced pulmonary toxicity, Fowever, this also 
- Otturs in approximately 50% ol all Cordarone patients. Use these cells 
--a$ therapy markers, net evidence of toxicity. if interstitial/alveoiar 
pneumonitis Is diagnosed, reduce dose or, prefe 
Cordarone, especially if other acceptable antia 
Where these measures were instituted; sympto 
the first week; most clinical improvement was 
















< X-ray changes usually resolve in 2-4 months. Some experts feel 
«Steroids may be helpful. Prednisone (40-60 mg/day) or equivalent 
. doses of other steroids have been used and taperez! over several weeks. 


:. At times rechallenge at a lower dose will not result in return of toxicity. 


Reports suggest lower loading and maintenance doses are associat 
with a lower incidence of pulmonary toxicity. 

. in Cordarone patients, any new respiratory symptoms suggest a 
possibility of pulmonary toxicity. repeat and evaluate history, PE, chest 





| 
| 






fay, and pulmonary-function tests (with diffusion capacity), A 1 
decrease in diffusion capacity has a high sensitivily butonlya > 
moderate specificity for pulmonary toxicity; as decreases in diffusion 
capacity approach 30%, sensitivity decreases but specificity increases. 
A diagnostic gallium scan may also be performed. 

Fatalities from pulmonary toxicity occur in about 10% of cases. 
However, when life-threatening arrhythmias exist, stop 

Cordarone (amiodarone HCI} cautiously if drug-induced pulmonary 
toxicity is suspected. As the most common cause of death in these 
patients is sudden cardiac death, first rule out other causes of 
respiratory impairment. Bronchoalveolar lavage or lung biopsy may be 
necessary to confirm the diagnosis, especially when there is no 
acceptabie alternative therapy. 


it hypersensitivity pneumonitis is diagnosed. stop Cordarone and treat 
with steroids. f Cordarone- induced interstitial/alveolar pneumonitis is 
diagnosed, start steroids and, preferably, stop Cordarone or, minimally, 
reduce the dose. Some cases may resolve after dose eduction and 
steroid use. Sometimes, rechallenge at lower doses did not result in 
return of interstitial/alveolar pneumonitis, however, pulmonary lesions 
are irreversible in some. 


WORSENED ARRHYTHMIA: Cordarone may Cause serious 
exacerbation of a presenting arrhythmia. possibly enhanced by 
concomitant antiarrhythmic therapy. Exacerbation (about 2-5% in most 
series), includes new ventricular fibrillation, incessart ventricular 
tachycardia. increased resistance to cardioversion, and Torsade de 
Pointes. Cordarone has caused symptomatic bradycardia or sinus 
arrest with suppression of escape foc: in 2-496 of patients 


LIVER INJURY: increased hepatic enzymes, mostly asymptomatic, are 
Seen frequently. Consider discontinuation or dose reduction it increase 
exceeds 3 times normal, or doubles in patient with elevated baseline 
Rarely, hepatic failure has been fatai 


PREGNANCY — PREGNANCY CATEGORY D. Cordarone is embryotoxic 
(increased fetai resorption and growth retardation) in rats at 18 times 
the maximum recommended oral maintenance dose Similar results are 
Seen in one mice strain at about 1/2 the maximum recommended 
maintenance dose or higher, but not :n a second siran nor rabbits at 
doses up to 9 times the maximum recommended mamtenance dose 


Neonatal hypo- or hyperthyroidism. in utero exposure can cause 
fetai harm. There are some reports of congenital goiter/ hypothyroidism 
and hyperthyroidism. H used anytime during pregnancy apprise patient 
of potential teta! hazard. in general, use during pregnancy only if 
potential benefit to the mother justihes unknown felal risk. 
Precautions 


CORNEAL MICRODEPOSITS: IMPAIRMENT OF VISION: Corneal 
mictodeposits appear in a majority of adults on Cordarone. Usually 
discernible only by slit-lamp, up to 10% of patients have symptoms 
tike visual halos or blurred vision. Microdeposits are reversible it dose 
reduced or treatment stopped, if asymptomatic. no need fo reduce dose 
of stop drug. 

PHOTOSENSITIVITY: Seen in about 10% of patients; sut barrier 
creams or protective clothing may afford some protection. On long- 
term therapy, may have a blue-gray skin discoloration of exposed skin 
Fait complexion or excess sun exposure may increase risk. alsa may 
be related to cumulative dose and therapy duration. 


THYRGID ABNORMALITIES: Cordarone inhibits conversion of 
thyroxine (T) to triiodothyronine (T2) and may cause increased 
thyroxine, decreased Ta, and increased levels ci inactive reverse Ta 
(r4) in clinicaliy euthyroid patients Due to its release of inorganic 
odine, ot perhaps other reasons, Cordarone can cause either hypo or 
hyperthyroidism. Monitor thyroid tunctian before treatment and 
periodicaily thereafter, particularly in the elderly and those with history 
of thyroid nodules, goiter, or other thyroid dyslunchen. Due to slow 
elimination of Cordarone and its metabolites, high plasma iodide 
levels, altered thyroid function, and abnormal thyroid-function tests 
may persist for weeks or months after withdrawal. 


Hypothyroidism occurred in 2-496 of patients in most series, but in 8- 
10% in some. To treat, reduce Cordarone dose and/or give thyroid 
hormone supplement. Individualize therapy: may need to stop 
Cordarone. 

Hyperthyroidism occurs in about 2% of patients; incidence may be 
higher with prior inadequate dietary iodine intake. Cordarone-mduced 
hyperthyroidism: is usually a greater hazard than hypothyroidism due io 
possible arrhythmia breakthrough or aggravation. IF ANY NEW SIGNS 
OF ARRHYTHMIA APPEAR, THE POSSIBILITY OF HYPERTHYROIDISM 
SHOULD BE CONSIDERED. Flat TSH response to TRH is contirmatory. 
Since arrhythmia breakthroughs may accompany Cordarone-induced 
hyperthyroidism, aggressive medical treatment is indicated, including. 
if possible, dose reduction or Cordarone withdrawal. Antithyroid drugs, 
B-blockers and/or temporary steroid therapy may be needed. (See full 
prescribing information for additional information regarding treatment). 


SURGERY: Hypotension Postbypass: Rarely. hypotension is seen on 
cessation of cardiopulmonary bypass during open-heart surgery in 
Cordarone patients; relationship to Cordarone is unknown 

Adult Respiratory Distress Syndrome (ARDS): Rarely, ARDS 
occurs in Cordarone patients after surgery. Patients usually respond to 
vigorous respiratory therapy; rarely. the outcome is fatal. The 
mechanism may be generation of superoxide radicats during 
AN therefore, keep operative FiO as close to room air as 
possible. 


LABORATORY TESTS: Elevated fiver enzymes (SGOT and SGPT) can 
occur; monitor closely if high maintenance doses used. Consider dose 
reduction or stopping therapy if significant elevations persist or 
hepatomegaly occurs. 

Thyroid-tunction tests (increased T, and reverse T4, and decreased Ta) 
may be altered: despite these changes. most patients remain clinically 
euthyroid. 

DRUG INTERACTIONS: Few drug-drug interactions have been explored 
formally but most-have shown an interaction. Thus, anticipate other 
interactions. especially drugs with potentially serious toxicity, like other 
antiarrhythmics, With its long, variable half-life, a potential for 
interaction also exists with drugs given after stopping Cordarone. 
Digitalis: Serum digoxin increases (by up to 70%) and may reach 
toxic levels: onset is about 1 day. On initiation of Cordarone, 
review need for digitalis and reduce its dose by about 50% 
or stop it. if digitalis continued, monitor serum levels closely and 
observe for toxicity. Precautions probably also apply to digitaxin 


Anticoagulants: Potentiation of wartarin-type anticoagulant response 
is almost always seen and can result in serious or fatal bleeding. 
Prothrombin time may increase by 190%, onset is 3 to 4 days. 
Reduce anticoagulant dose by 1/3 to 1/2, and monitor 
prothrombin times closely. 


Antiarrhythmic Agents: Although they have been used concurrently 
with Cordarone, steady-state levels of quinidine, procainamide. and 
phenytoin may increase during such combined therapy. Quinidine 












- Procainamide 








ioris May increase by 3396 within 2 days. me 
ProCatnarmide serum concentrations may increase by 55% [n-acetyl 
procamamide by 33%} in « 7 a in general, reserve such 
combinations for patients with life-threatening ventricular arrhythmias 
incompietely responsive to a single agent, or incampletely responsive 
to Cordarone (amiodarone HCI), and start any added antiarrhythmic at à 
tower than usual dose with careful Tonne ng ride transfer to 
Cordarone, reduce dose of previous agents 30-50% several days after 
adding Cordarone, when arrhythmia suppression should be starting, 
Alter Cordarone effects are established, discontinue other 
antiarrhythmics if possible. If treatment is maintained, continue 
monitoring carefully tor adverse effects, especially conduction 
disturbances and exacerbation of tachyarrhythmias. in Cordarone 
patients requiring additional antiarrhythmic therapy, initial dose of such 
agents should be approximately 1/2 of the usual dose. 

Use Cordarone cautiously with B-blockers or calcium antagonists as 
bradycardia. sinus artest, and AV block may be potentiated: if 
necessary, Cordarone can continue after pacemaker insertion in 
patients with severe bradycardia or sinus arrest. 


ELECTROLYTE DISTURBANCES: May be ineffective or arrhythmogenic 
if hypokalemia is present: correct any potassium or magnesium 
deficiency before starting drug. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: 
Fert.lity reduced in male and female rats at 8 x the highest 
recommended human maintenance dose. Cordarone caused a 
statisticaily significant, dose-related increase in thyroid tumors in rats. 
incidence greater than control even at lowest dose tested, ie., about 1/2 
the highest recommended human maintenance dose. Mutagenicity 
studies were negative. 

PREGNANCY: PREGNANCY CATEGORY D -- See Warnings. 


LABOR AND DELIVERY: Occurrence of adverse effects during labor or 
delivery is unknown, Preclinical studies in rodents have shown no 
effect on gestation duration or parturition. 


NURSING MOTHERS: Cordarone is excreted in human milk; breast- 
feeding may expose nursing infants to a significant drug dose. Nursing 
offspring of lactating rats given Cordarone were less viable and had 
reduced body-weight gains. Advise mothers to discontinue nursing 
before taking. 


PEDIATRIC USE: Satety and effectiveness have not been established. 


Adverse Reactions: Adverse effects are very common (about 3/4 of 
all patients) with doses af 400 mg/day or more, and cause 7-18% to 
discontinue, The most serious are pulmonary toxicity, arrhythmia 
exacerbation, and rare serious liver injury (see "Warnings ). but other 
adverse effects constitute important problems. They are often reversible 
by reducing dose and virtually always reversible by stopping 
Cordarone. Mast adverse effects appear more frequent with continued 
treatment beyond 6 months: rates appear relatively constant beyond 
one year. Neurologic problems, including malaise and fatigue. tremor 
and involuntary movements, poor coordination and gait, and peripheral 
neuropathy are common (20-46% of patients): these may respond to 
dose reduction, rarely need to stop therapy. l 
Gastrointestinal (Gi) complaints, commonly seen with high doses 

(ie. loading dose), usually respond to dose reduction or divided 
doses: rarely need to stop drug. 


Asymptomatic corneal microdeposits. See Precautions and full 
prescribing information. 
Photosensitivity See Precautions and full prescribing information. 


Cardiovascular adverse reactions, other than arrhythmia exacerbation, 
include the uncommon occurrence of congestive heart failure (396) and 
bradycardia. Bradycardia usually responds to dose reduction but may 
require a pacemaker, CHF rarely requires stopping drug. Cardiac 
conduction abnormalities occur infrequently and ate reversible upon 
Stopping drug. 

The following side-effect rates are based on a retrospective study of 


241 patients treated for 2 to 1,515 days (mean 441 3 days). 
Each reported in 10-33% of patients: Gi-Nausea and vomiting. 


Each reported in 4-9% of patients: Dermatologic- Solar 
dermatitis/photosensitivity, Neurologic- Malaise and fatigue, 
remor/abnormat involuntary movements, lack of coordination, 
abnormal DE dizziness, paresthesias; Gi-Constipatian, 
anorexia, Ophihalmotogic~Yisual disturbances, Hepatic-Abnormal 
tiver-function tests; Respiratory—Pulmonary inflammation or fibrosis. 


Each reported in 1-375 of patients: Thyroid—Hypo- or 
hyperthyroidism: Neurologic-Decreased libido, insomnia, headache, 
sieep disturbances; Cardiovascular- CHF. cardiac arrhythmias, SA 
node dysfunction; Gl-Abdominal pain; Hepatic-Nonspecific hepatic 
disorders; Other-Flushing, abnormal taste and smell, edema, abnormal 
salivation, coagulation abnormalities. 


Each reported in « 1% of patients: Blue skin discoloration, rash, 
spontaneous ecchymosis, alopecia, hypotension, and cardiac 
conduction abnormalities. Rarely hepatitis, cholestatic hepatitis, 
cirrhosis, optic neuritis, epididymitis, vasculitis, pseudotumor cerebri, 
and thrombocytopenia. 

Adverse reactions most frequently requiring Cordarone discontinuation 
include pulmonary infiltrates or fibrosis, paroxysmal ventricular 
tachycardia, CHF, and elevated liver enzymes. Symptoms causing 
discontinuation less often include visual disturbances, solar dermatitis, 
blue skin discoloration, hyper- or hypothyroidism. 

Overdosage: The few reports of Cordarone overdose, in which 3 to 8 
grams were taken, resulted in no deaths or permanent sequelae. Animal 
studies indicate that Cordarone has a high oral LDso (53.000 mg/kg). 
Along with general supportive measures, monitor patient's cardiac 
rhythm and blood pressure; if bradycardia ensues, may use a 
B-adrenergic agonist or pacemaker. Use positive inotropic and/or 
vasopressor agents to treat hypotension with inadequate tissue 
perfusion. Neither Cordarone nor its metabolite is dialyzable. 


Dasage and Administration: See full prescribing information. 
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Efficacy and Tolerability it tcl 
Hypercholesterolemia in Patients with Systemic ~ 
Hypertension M 

Ralph B. D'Agostino, William B. Kannel, Miganush N. Stepanians, and - | 
LeiLanie C. D'Agostino 









A previously published study reported on an open-label, multicenter study 
of the efficacy and. tolerability of lovastatin in the management of nonfa- 
milial primary hypercholesterolemia. In the present report, results from the 
213 hypercholesterolemic patients with systemic hypertension are present- 

ed. Within 1 month of lovastatin therapy (20 mg/day), the observed sig- 
nificant reductions in total serum cholesterol, low-density lipoprotein : choles- 
terol and the ratio of total cholesterol to — lipoprotein cholesterol 
were, 19, 27 and 24, respectively. High-density lipoprotein. cholesterol was 
increased by 6%. The 1-month lipid results were maintained over the full 
6 months of the study. Lovastatin was generally effective in improving the 
serum lipids of hypercholesterolemic hypertensive patients regardless of the 
type of antihypertensive medications received (including diuretics and B 
blockers), and without changes in diastolic blood pressure. Lovastatin was 
generally well tolerated. 


CONGESTIVE HEART FAILURE 





| ve H. Kubo, Thomas S. Rector, Alan J. Bank, Linda K. Tschumperlin, Leopoldo 
Raij, Nancy Brunsvold, and Mark D. Kraemer 


This study was performed to address the hypothesis that abnormalities in... 
endothelium-dependent vasodilation in heart failure are improved by heart — 
transplantation. Forearm blood flow responses to the intraarterial adminis- - 
tration of methacholine were examined in 2 separate protocols. In protocol. 
1, forearm blood flow responses to methacholine in 14 heart transplant. 
ients were significantly greater than in 10 patients with heart failure, where- — 
as the responses to nitroprusside, an endothelium-independent vasodilator, 
were nearly identical in the 2 groups. In protocol 2, 6 patients were stud- 
ied before and 4 months (range 1 to 11) after transplantation. Methacholine 
responses before transplantation were 2.5 + 13, 5.2 + 15 and 7. 3 t15 
ml/min/100 ml forearm volume and were significantly improved after trans- 
plantation to 5.7 + 1.2, 12.1 + 3.0 and 142 + 2.2 ml/min/100 ml forearm 
volume (all p «0.05). These data demonstrate that abnormalities i in endothe- 
lium-dependent vasodilation in the peripheral - E" ature in patients with | 
heart failure are improved by heart trans; 










































Dd pis er icular Conduction in Children of Women with | 





—. Systemic Lupus Erythematosus 
-- Monica Martin Goble, Macdonald Dick Il, W. Joseph McCune, Janet Ellsworth, 
Donita B. Sullivan, and Aaron M. Stern 


To examine subtle abnormalities in atrioventricular conduction in children 
of women with systemic lupus erythematosus (SLE), electrocardiogram 
were obtained from 86 offspring of 53 women with SLE. Individual elec- 
trocardiograms showed normal sinus rhythm and atrioventricular conduction 
in 83 offspring. In contrast, grouped data indicated that heart rate adjusted 
for age was greater and PR interval adjusted for heart rate longer in off- 
spring of mothers who had the onset of SLE before or during pregnancy 
than in the normal population. These observations did not hold for offspring 
whose mothers developed SLE after pregnancy. The findings indicate that 
offspring of mothers with SLE, even in the absence of bradycardia or an 
abnormal electrocardiogram, may have experienced a maternal internal envi- 
ronment that produced subclinical changes in atrioventricular conduction. 
However, newborns with a normal pulse rate are unlikely to have signifi- 
cant abnormalities in atrioventricular conduction and do not need screening 
electrocardiograms at birth. 





99. 
Effect of Exercise Training on Left Ventricular Performance 
.in Older Women Free of Cardiopulmonary Disease 

Robert J. Spina, Takeshi Ogawa, Tom R. Miller, Wendy M. Kohrt, and Ali A. Ehsani 





Exercise training enhances left ventricular (LV) function at peak exercise in 
older men. To determine whether exercise training can improve LV systolic 
function in older women, 10 subjects (aged 60 to 79 years) completed 9 to 
12 months of exercise training. Maximal oxygen uptake was increased by 
21% in response to training. LV ejection fraction, end-diastolic volume, 
stroke volume and cardiac output did not change after training. Arteriove- 
nous oxygen content difference at peak supine cycle ergometer exercise was 
increased. Thus, exercise training increases aerobic power in older women 
predominantly by peripheral adaptations without enhancing LV systolic per- 
formance. 








105 
Measurement of Cardiac Output by Automated Single- 
Breath Technique, and Comparison with Thermodilution and 
- Fick Methods in Patients with Cardiac Disease 

-Mark R. Zenger, Matthew Brenner, Malcolm Haruno, Donald Mahon, and 

Archie F. Wilson 











E r n automated method for measuring cardiac output based on acetylene gas. 
absorption using a single-breath constant exhalation technique was com- 


Continued on page A26 
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pared with standard direct Fick and thermodilution methods in patients” E 






ing elective cardiac or pulmonary artery catheterization. There was 
excellent correlation between the acetylene blood flow method and both .— — 
Fick and thermodilution methods. Accurate, noninvasive measurement of 
cardiac output was easily obtained using the automated device, and should 

be useful in the evaluation of patients with cardiac disease and in moni- 
toring the effects of therapy. 


































CARDIOVASCULAR PHARMACOLOGY 





. 110. 
. Nol ida pt ta ion to Digitalization as Evaluated by Digitali 

. Receptor (Na,K-ATPase) Quantification in Explanted Hearts | 
| from Donors Without Heart Disease and from Digitalized 
Recipients with End-Stage Heart Failure 

Thomas A. Schmidt, Paul D. Allen, Wilson S. Colucci, James D. Marsh, and 


Keld Kjeldsen 











Digitalis receptor (sodium potassium adenosine triphosphatase) concentration 
was quantified in explanted hearts from subjects without heart disease and 
digitalized patients with end-stage heart failure undergoing heart transplan- 
tation. Vanadate-facilitated *H-ouabain binding to intact left ventricular sam- 
ples Was performed before and after clearance of previously bound digox- 
-in by washing in buffer containing excess digoxin antibody. Digitalization 
was associated with an occupancy of digitalis receptors with digoxin of 
24% (p «0.02). After washing with antibody, the digitalis receptor concen- 
tration tended to be lower (19%, p «0.08) in failing than in normal hearts. 
Thus, there was no evidence for adaptation to digitalization due to up-reg- 
ulation of the digitalis receptor concentration when comparing the failing 
and the healthy human heart. 





BRIEF REPORTS 


15. 
Prognostic Significance of Silent Myocardial Ischemia i in 
Patients >61 Years of Age With Extracranial Internal or 
Common Carotid Arterial Disease With and Without 
Previous Myocardial Infarction 

Wilbert S. Aronow, Chul Ahn, Myron R. Schoenfeld, Anthony D. Mercando, and 

; Stanley Epstein 


Ventricular Fibrillation Markers on Admission to the 
E Hospital for Acute Myocardial infarction 

-- Miquel Fiol, Jaume Marrugat, Antonio Bayés, Jaume Bergada, and 

-. Josep Guindo 








Continued on page A29 
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ng information before using. 
JATIDNS AND USAGE: Acute Myocardial infarction: Activase® is indicated for use in the management 
myocardial infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of 
ize, the improvement of ventricular function tollowing AMI, the reduction of the incidence of congestive heart 
and the reduction of mortality associated with AMI. Treatment should be initiated as soon as possible after 
nset of AMI symptoms (see CLINICAL PHARMACOLOGY section of full prescribing information). — 
onary Embolism: Activase? is indicated iż the management of acute massive pulmonary embolism (PE) in 


for the lysis of pulmonary emboli accompanied by unstable hemodynamics, e.g., failure to maintain blood 
pressure without supportive measures. . D 
Ih estive means, such as pulmonary angiography or noninvasive 


INTE IONS: Because thrombolytic increases the risk of bleeding, Activase® is 
contraindicated in the following situations: Active bleeding + History of cerebrovascular 
accident e Recent (within two months) intracranial or intraspinal, surgery or trauma (sse 

RENGS) intracranial neo , OF aneurysm + Known bleeding 


k $ 
WARNINGS: Bleeding: The most common complication encountered during Activase? therapy is bleeding. The 
type of bleeding associated with thrombolytic therapy can be divided into two broad categories. © internal bleeding. 
nvolving the gastrointestinal tract, genitourinary tract, retroperitoneal or intracranial sites. e Superficial ar surface 
leeding, observed mainly at invaded or disturbed sites (e q., venous cutdowns, arterial punctures, sites of recent 
i intervention). l 

: The concomitant use of heparin anticoagulation may contribute to bleeding. Some of the hemorrhagic episodes 
:OCcurred one or more days after the effects of Activase had dissipated, but while heparin therapy was continuing. 

_ As fibrin is lysed during Activase® therapy, bleeding from recent puncture sites may occur. Therefore, 
hrombolytic therapy requires careful attention to ali potential bleeding sites (including catheter insertion sites, 
rierial and venous puncture sites, cutdown sites anc needle puncture sites) 
< intramuscular injections and nonessential handling of the patient should be avoided during treatment with 
Activase®. Venipunctures should be performed caretuity and only as required. 

< Should an arterial puncture be necessary during an infusion of Activase", it is preferable to use an upper 
extremity vessel that is accessible to manual compression. Pressure should be applied for at least 30 minutes, a 
pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

-- Should serious bleeding (not controllable by local pressure) occur, the infusion of Activase® and any 
oncomitant heparin should be terminated immediately. 

. Each patient being considered for therapy with Astivase® should be carefully evaluated and anticipated benefits 
sighed vais potential risks associated with therapy. 

n the following conditions, the risks of Activase? therapy may be increased and should be weighed against the 
ticipated benefits: e Recent {within 10 days) major'surgery, e.g., coronary artery Dypass graft, obstetrical delivery, 
‘gan biopsy, previous puncture of noncompressible vessels e Cerebrovascular disease @ Recent gastrointestinal 
genitourinary bleeding (within 10 days) e Recent trauma (within 10 days) e Hypertension: systolic BP > 180 mm 
J and/or diastolic BP 2 110 mm Hg e High likelihood of left heart thrombus, e.g., mitral stenosis with atrial 
filiation e Acute pericarditis e Subacute bacterial endocarditis e Hemostatic defects including those secondary to 
Severe hepatic or renal disease e Significant liver dystunction e Pregnancy * Diabetic hemorrhagic retinopathy, or 
plher hemorrhagic ophthalmic conditions = Septic tnrombophlebitis or occluded AV cannula at seriously infected 

te © Advanced age, i.e., over 75 years old * Patients currently receiving oral anticoagulants, e.g., warfarin sodium 
tele! condition in which bleeding constitutes a significant hazard or would be particularly difficult to manage 
because of its location l l 
Arrhythmias: Coronary thrombolysis may result ip arrhythmias associated with reperfusion. These arrhythmias 

such.as sinus bradycardia, accelerated idioventricutar rhythm, ventricular premature depolarizations, ventricular 
chycardia} are not different from those often seen in he ordinary course of acute myocardial infarction and may be 
managed with standard antiarrhythmic measures. His recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of Activase®, Alteplase, are administered. 
ulmonary Embolism: it should be recognized:that the treatment of pulmonary embolism with Activase?. 
teplase, has nof been shown to constitute adequate clinical treatment of underlying deep vein thrombosis. 
dii d the possible risk of reembolization due to the lysis of underlying deep venous thrombi should be 

fiStQerec, 

PRECAUTIONS: General: Standard managemen: of myocardial infarction or pulmonary embolism shouid be 

mplemented concomitantly with Activase® treatment Noncompressibie arterial puncture must be avoided (1.e., 
-oipternal jugular and subclavian punctures should be avoided to minimize bleeding from noncompressible sites). 
Arterial and venous punctures should be minimized. in the event of serious bleeding, Activase® and heparin should 
be discontinued immediately. Heparin effects can be reversed by protamine. l 
Readministration: There is no experience with readministration of Activase®. If an anaphylactoid reaction 
Occurs, the infusion should be discontinued immediately and appropriate therapy initiated. 
~~ Although sustained antibody formation in patients:receiving one dose of Activase® has not been documented, 
feadrninistration should be undertaken with caution. Detectable levels of antibody (a single point measurement) 
were feported in one patient but subsequent antibody test results were negative. l 
Laboratory Tests: During Activase* therapy, if ceagulation tests and/or measures of fibrinolytic activity are 
performed, the results may be unreliable unless specific: precautions are taken to prevent in vitro artifacts. Activase® 
iS af enzyme that when present in blood in pharmacotagic concentrations remains active under in vilro conditions. 
This can lead to degradation of fibrinogen in blood samples removed for analysis. Collection of blood samples in 
the presence of aprotinin (150-200 units/ml} can to some extent mitigate this phenomenon. 

gi : The interaction of Activase® with other cardioactive drugs has nol been studied. 1n addition to 
bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function (such as acetylsalicylic 
acid, dipyridamole) may increase the risk of bieeding it administered prior to, during or after Activase® therapy. 
Use of Anticoaguiants: Heparin has been administered concomitantly with and following infusions of Activase® 
6 reduce the risk of rethrombosis. Because either heparin or Activase® alone may cause Dieeding complications, 
Carelul monitoring for bleeding is advised, especially at arterial puncture sites. 

bghancy egory C): Animal reproduction studies have not been conducted with Activase?. I! is also not 
wn whether Activase® can cause fetal harm when administered to a pregnant woman or can affect reproduction 
Capacity. Activase® should be given to a pregnant woman only if clearly needed. 

Pediatric Use: Safety and effectiveness of Activase® ia children has not been established. 
| aki ponia Mutagenesis, impairment of Fertility: Long-term studies in animals have not been 
ormed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which evaluated 
tumorigenicity of Activase? and effect on tumor metastases in rodents, were negative. 
~~ Studies to determine mutagenicity (Ames test} and chromosomal aberration assays in human lymphocytes were 
négative at all concentrations tested. Cytotoxicity, as reflected by a decrease in mitotic index, was evidenced only 
fer prolonged exposure and only at the highest concentrations tested. 
Nursing Mathers; !! is not known whether Activase* is excreted in human milk. Because many drugs are excreted 
n human milk, caution should be exercised when Activase?, Atteplase, is administered to a nursing woman. 








VERSE REACTIONS: Bleeding: The most frequent adverse reaction associated with Activase® is bleeding. 
type of bleeding associated with thrombolytic thecapy can be divided into Iwo broad categories: © Internal 
x on ah gastrointestinal tract, genitourinary tract, retroperitoneal or intracranial sites. e Superficial or 
Hace bleeding, observed mainly at invaded or disturbed sites (e.g. venous cutdowns, arterial punctures, sites of 
cent surgical intervention). 

The following incidence of significant internat bleeding (estimated as >250 cc blood loss) has been reported in 
Studies in aver 800 patients treated at al! doses: 


Total Dose < 100 mg Total Dose > 100 mg 

gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 196 <1% 
retroperitoneal «196 <1% 
epistaxis «196 <1% 
a gingival <1% «196 

. The incidence of intracranial ias No in patients treated with Activase" is as follows: 
Bi Dose mbar of Patients % 
100.mg 3272 04 
190 mg 1779 13 


1-1.4 mg/kg 237 l l 04 — 
hese dala indicate that a dose of 150 mg of Activase? should not be used because it has been associated with 
hcrease in intracranial bleeding. | 7 
Recent data indicate that the incidence o! stroke in randomized double-blind placebo controlled trials" is not 
gnificantly different in the Activase® treated patients sompared to those treated with placebo (37/3161, 1.2% 
rsus 27/3092, 0.9%, respectively}(p = 0.26). ; M EM 

Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, pericardial) occur, 
vase® therapy should be discontinued immediately, aleng with any concomitant therapy with heparin. 





ACTIVASE? (Alteplase) 

Fibrin which is part of the hemostatic plug formed at needle puncture sites will be lysed during Activase® 
therapy. Therefore. Activase® therapy requires careful attention to potentia! bleeding sites, e.g., catheter insertion 
Sites, arterial puncture sites. l 
Allergic Reactions: No serious or life-threatening allergic reactions have been reported. Other mild 
hypersensitivity reactions such as urticaria have been observed occasionally. 

Other Adverse Reactions: Other adverse reactions have been reported, principally nausea and/or vomiting, 
hypotension, and fever. These reactions are frequent sequelae of myocardial infarction and may of may not be 
attributable to Activase® therapy. 

DOSAGE AND ADMINISTRATION: Activase® is for intravenous administration only. 

Acute Myocardial infarction: Administer Activase® as soon as ibie after the onset of symptoms. 

. The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour (of which 6to 10 mg 
is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the second hour, and 20 mg 
(11.6 million IU) over the third hour. For smaller patients (less than 65 kg), a dose of 1.25 mg/kg administered over 
3 hours, as described above, may be used? 

a. The bolus dose may be prepared in one of the following ways: 

1, By removing 6 to 10 mL from the vial of reconstituted (1 mg/mL) Activase® using a syringe and needle. If 
this method is used with the 20 mg or 50 mg vials, the syringe should not be primed with air and the needle 
should be inserted into the Activase® vial stopper. if the 100 mg vial is used, the needle should be inserted 
away from the puncture mark made by the transfer device. 

2. By enone 6 to 10 mL from a port (second injection site) on the infusion fine after the infusion set is 
primed. 

3. By programming an infusion pump to deliver a 6 to 10 mL (1 mg/mL} bolus at the initiation of the infusion. 

b. The remainder of the Activase” dose may be administered as follows: 

20 mg, 50 mg vials. administer using either a polyvinyl chloride bag or glass vial and infusion set. 

100 mg vials, insert the spike end of an infusion set through the same puncture site created by the transfer 

device in the stopper of the vial of reconstituted Activase® Hang the Activase® vial from the plastic molded 

capping attached to the bottom of the vial. 

Although the use of anticoagulants and antiplatelet drugs during and following administration of Activase® has 
not been shown ta be o? unequivocal benefit, heparin has been administered concomitantly for 24 hours or longer in 
de than 90% ot patients. Aspirin and/or dipyridamole have been given either during and/or following heparin 
treatment, 

Pulmonary Embolism: The recommended dose is 100 mg administered by intravenous infusion over two hours. 
Heparin therapy should be instituted or reinstituted near the end of or immediately following the Activase® infusion 
when the partial thromboplastin time or thrombin time returns to twice normal or fess. 

The dose may be administered a the instructions described above in Acute Myocardial infarction Ms 

A DOSE OF 150 MG OF ACTIVASE*, AL , SHOULD NOT BE USED BECAUSE IT 

ASSOCIATED WITH AN IT ; 
Reconstitution and Dilution: Activase® should be reconstituted by aseptically adding the appropriate volume of 
the accompanying Sterite Water for injection, USP to the vial. it is important that Activase® be reconstituted only 
with Steriie Water for Injection, USP, without preservatives. Do not use Bacteriostatic Water for Injection, USP. The 
reconstituted preparation results in a colorless to pale yellow transparent solution Containing Activase? 1 mg/mL at 
approximately pH 7.3. The osmolality of this solution is approximately 215 mOsm/kg. 

Because Activase® contains no antibacterial preservatives, it should be reconstituted immediately before use. 
The solution may be used for intravenous administration within 8 hours following reconstitution when stored 
between 2-30°C (36-B6"F). Belore further dilution ot administration, the product should be visually inspected for 
particulate matter and discoloration prior to administration whenever solution and container permit. 

Activase* may be administered as reconstituted at 1 mg/mL. As an alternative, the reconstituted solution may be 
diluted further immediately before administration in an equal volume of 0.9% Sodium Chloride injection, USP or 
2% Dextrose Injection, USP to yield a concentration of 0.5 mg/mL. Either polyvinyl chloride bags or glass viais are 
acceptable. Activase® is stable for up to B hours. in these solutions at room temperature. Exposure to light has no 
effect on the stability of these solutions. Excessive agitation during dilution should be avoided: mixing should be 
accomplished with gentle swirling and/or slow inversion. Do not use other infusion solutions, e.g., Sterile Water for 
injection, USP or preservative-containing solutions for turther dilution. l 

20 mg and 50 mg vials: Reconstitution shouid be carried out using a large bore needle (e.g., 18 gau e) and 
a syringe, a ant the stream of Sterile Water for Injection, USP into the lyophilized cake. DO NO USE IF 
VACUUM IS NOT PRESENT. Slight foaming upon reconstitution is not unusuat: Standing undisturbed tor 
several minutes is usually sufficient to allow dissipation of any large bubbles. 

No other medication should be added to infusion solutions containing Activase®, Alteplase. Any 
unused infusion sofution should be discarded. 

100 mg vials: Reconstitution should be carried out using the transfer device provided, adding the contents of 
the accompanying 100 mi. vial of Sterile Water for injection. USP to the contents of the 100 mg vial of Activase™ 
powder. Slight foaming upon reconstitution is not unusual: Standing undisturbed for several minutes is usually 
sufficient to allow REI of any large bubbles. Please refer to the accompanying Instructions for Reconstitution 
and Administration. 180 MG VIALS DO NOT CONTAIN VACUUM. 

100 MG VIAL RECONSTITUTION 
. Use asentic technique throughout 
l und the protective flip-caps from one vial of Activase® and one vial of Sterile Water for Injection, USP 


. Open the package containing the transfer device by peeling the paper label off the package. 

. Remove the protective cap from one end of the transfer device and keeping ihe vial of SWF! upright, insert the 
piercing pin vertically into the center of the stopper of the vial of SWEL 

. Remove the protective cap from the other end of the transfer device, DO NOT INVERT THE VIAL OF SWFI. 

. Holding the vial of Activase* upside-down, position it so that the center of the Stopper is directly over the 
exposed ve. pin of the transfer device. 

. Push the vial of Activase® down so that the piercing pin is inserted through the center of the Activase® vial 
stopper. 

. Invert the two vials so that the vial of Activase* is on the bottom (upright) and the vial of SWFI is u side-down, 
allowing the SWFI to flow down through the transfer device. Allow the entire contents of the vial of SWFI to flow 
into the Activase® vial (approximately 0.5 cc of SWF! will remain in the diluent viali. Approximately two minutes 
are required for this procedure. l 

3. Remove the transler device and the empty SWFI vial from the Activase® vial. Safely discard both the transfer 

device and the empty diluent vial according to institutional procedures. 

10. Swirl gertly to dissolve the Activase* powder. DO HAKE. 

No other medication should be added to infusion solutions containing Activase®, Alteplasa. Any 
unused infusion solution should be discarded. 

HOW SUPPLIED: Activase® is supplied as a sterile, lyophilized powder in 20 mg and 50 mg vials containing 

vacuum and in 100 mg vials without vacuum. 

Each 20 mg Activase® vial (11.6 million IU) is packaged with diluent for reconstitution (20 mi. Sterile Water for 

injection, USP: NDC 50242-044-12. 

Each 50 mg Activase* vial (29.0 million IU) is packaged with diluent for reconstitution (50 mi Sterile Water for 

injection, USP): NDC 50242-044-13. 

Each 100 mg Activase® vial (58 million IU) is packaged with diluent for reconstitution (100 mL Sterile Water for 

injection, USP}, and one transfer device: NDC 50242-085-27. 

Storage: Store lyophilized Activase at controlled room temperature not to exceed 30°C (86^F), or under 

A Mun (2-8*C/36-46^F) Protect the lyophilized material during extended Storage from excessive exposure to 

ignt. 
Do not use beyond the expiration date stamped on the vial. 

REFERENCES: 1.Topo! EJ, Moriss DC, Smalling RW, et al. A multicenter, randomized, /'acebo-controlied trial 

of a new form of intravenous recombinant tissue-type plasminogen activator (Aclivase*) in acute myocardial 

infarction. J Am Coll Cardiol 1987:9:1205-1213. 2. Guerci AD, Gerstenblith G, Brinker JA, et al. A randomized 
trial of intravenous tissue plasminogen activator for acute myocardial infarction with Subsequent randomization tn 
elective coronary angioplasty New Eng! J Med 1987:317:1613-1618. 3. O'Rourke M, Baron D, Keogh A, et al. 

Limitation of myocardial infarction by early infusion of recombinant tissua-plasminagen activator. Circulation 

1988 77:1311-1315. 4. Wilcox RG. von der Lippe G. Olsson CG, et al, Trial of tissue plasminogen activator for 

mortality reduction in acute myocardial infarction: ASSET. Lancet 1988:2:525-530. 5. Hampton JR, The University 

of Nottingham, Personal Communication. 6. Van de Werf F, Arnold AER, et al. Effect of intravenous tissue- 
plasminogen activator on infarct size, left ventricular function and survival in patients with acute myocardial . - 
infarction. Br Med J 1988:297:1374-1379. 7. National Heart Foundation of Austratia Coronary Thrombolysis. — 

Group. Coronary thrombolysis and myocardial infarction salvage by tissue plasminogen activator given up to 4 

hours after onset of myocardial infarction. Lance! 1988:1.203-207. 8. Calif RM, Stump D, Thornton D. et af. 

Hemorrhagic complications after tissue plasminogen activator (t-PA) therapy for acute myocardial infarction. 

Circulation 1987;75:1V-1. i 
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LOZOL® (indapamide) 2.5 mg tablets 
BRIEF SUMMARY 


INDICATIONS AND USAGE: LOZOL (indapamide) is indicated for the treatment of 
hypertension, alone or in combination with other antihypertensive drugs, and for the 
treatment of salt and fluid retention associated with congestive heart failure 

Usage in Pregnancy: See PRECAUTIONS 


CONTRAINDICATIONS: Anuria, hypersensitivity to indapamide or other sulfonamide- 
derived drugs 


WARNINGS: infrequent cases of severe hyponatremia, accompanied by hypokalemia 
have been reported with the use of recommended doses of indapamide primarily in 
elderly females. Symptoms were reversed by electrolyte replenishment (see 
PRECAUTIONS). Hypokalemia occurs commonly with diuretics (see ADVERSE 
REACTIONS, hypokalemia), and electrolyte monitoring is essential. In genera 
diurebcs should not be given with lithium 


PRECAUTIONS: Perform serum electrolyte determinations at appropnate intervals 
especially in patients who are vomiting excessively or receiving parenteral fluids, in 
patients subject to electrolyte imbalance, or in patients on a salt-restncted diet. In 
addition, pabents should be observed for clinical signs of fluid or electrolyte 
mbalance, such as hyponatremia, hypochloremic alkalosis, or hypokalemia. The risk 
of hypokalemia secondary to diuresis and natriuresis is increased with larger doses 
with Drisk diuresis, with severe cirrhosis, and with concomitant use of corticosteroids 
or ACTH. interference with adequate oral intake of electrolytes will also contribute to 
hypokalemia. Hypokalemia can sensitize or exaggerate the response of the heart to 
the toxic effects of digitalis, such as increased ventricular irritability 

Dilubonal hyponatremia may occur in edematous patients; appropriate treatment is 
usually water restriction. In actual salt depletion, appropriate replacement is the 
treatment of choice. Chloride deficit is usually mild, not requiring specific treatment 
except in extraordinary circumstances (liver, renal disease) 

Hyperuricemia may occur, and frank gout may be precipitated in certain patients 
receiving indapamide. Serum concentrations of uric acid should be monitored 
periodically 

Use with caution in patients with severe renal disease; consider withholding or 
discontinuing if progressive renal impairment is observed. Renal function tests should 
be performed periodically 

Use with caution in patents with impaired hepatic function or progressive liver disease 
since minor alterations of fluid and electrolyte balance may precipitate hepatic coma 
Latent diabetes may become manifest and insulin requirements in diabete patents may 
be altered during thiazide administration. Serum concentrations of glucose should be 
monitored routinely during treatment with indapamide 


J| 


A safety profile that works in concert with other 
antihypertensive agents 


In limited controlled trials, no notable change in the nature 
or frequency of adverse reactions was shown when LOZOL 
was combined with other antihypertensives. LOZOL is well 
tolerated and does not adversely affect lipids."* And unlike 
Dyazide* or Maxzide,' there may be no increased risk of 
hyperkalemia when LOZOL is used in combination with 


ACE inhibitors. 


ONCE A DAY 
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PERFORMS WITH CONFIDENCE 


* Dyazide (triamterene-hydrochlorothiazide), a potassium-sparing 
diuretic, is a registered trademark of SmithKline Beecham 
Pharmaceuticals. 


* Maxzide (triamterene-hydrochlorothiazide), a potassium-sparing 
diuretic, is a registered trademark of Lederle Laboratories. 


Please see brief summary of prescribing information below. 


Calcium excretion is decreased by diuretics pharmacologically related to indapamide 
Serum concentrations of calcium increased only slightly with indapamide in long-term 
Studies of hypertensive patients. Indapamide may decrease serum PBI levels without 
signs of thyroid disturbance. Complicabons of hyperparathyroidism have not been seen 
Discontinue before tests of parathyroid function are performed 

Thiazides have exacerbated or activated systemic lupus erythematosus. Consider this 
possibility with indapamide 


DRUG INTERACTIONS: LOZOL may add to or potentiate the action of other 
antihypertensive drugs. The antihypertenswe effect of the drug may be enhanced in the 
postsympathectomized patient. Indapamide may decrease arterial responsiveness to 
norepinephrine, but this does not preclude the use of norepinephrine 

In mouse and rat lifetime carcinogenicity studies, there were no significant differences 
n the incidence of tumors between the indapamide-treated animals and the contro 


Pregnancy Category B: Diuretics cross the placental barrier and appear in cord blood 
Indapamide should be used during pregnancy only if clearly needed. Use may be 
associated with fetal or neonatal jaundice, thrombocytopenia, and possibly other 
adverse effects that have occurred in adults. It is not known whether this drug is 


excreted in human milk. If use of this drug is deemed essential, the patent should stop 


nursing 
ursing 


ADVERSE REACTIONS: Most adverse effects have been mild and transient. From 
Phase || placebo-controlled studies and long-term controlled clinical trials, adverse 
reacbons with > 5% cumulative incidence: headache, dizziness, fatigue, weakness, loss 
of energy, lethargy, tiredness or malaise, muscle cramps or spasm or numbness of the 
extremities, nervousness, tension, anxiety. irritability or agitation; < 5% cumulative 
incidence: lightheadedness, drowsiness, vertigo, insomnia, depression, hlurred vision 
consbpabon, nausea, vomiting, diarrhea, gastric irritation, abdominal pain or cramps 
anorexia, orthostatic hypotension, premature ventricular contractions, irregular heart 
beat, palpitations, frequency of urinaton, noctuna, polyuria, rash, hives, pruritus 
vasculitis, impotence or reduced libido, rhinorrhea, flushing, hyperuricemia 
hyperglycemia, hyponatremia, hypochioremia, increase in serum BUN or creatinine 
glycosuria, weight loss, dry mouth, tingling of extremities. Hypokalemia with 
concomitant clinical signs or symptoms oecurred in 3% of patients recerving 
ndapamide 2.5 mg q.d. and 7% of patients receiving indapamide 5 mg q.d. In long- 
term controlled clinical trials comparing the hypokalemic effects of daily doses of 
ndapamide and hydrochlorothiande, however, 47% of patients receiving indapamide 

5 mg, 72% of patients receiving indapamide 5 mg, and 44% of patients receiving 

drochiorothiazide 50 mg had at least one potassium value (out of a total of 11 taken 
during the study) below 3.5 mEq/L. On the indapamide 2.5 mg group, over 


Y "nm 





50% of those patients returned to normal serum potassium values without intervention 
Other adverse reactions reported with antihypertensive/diuretics are intrahepatic 
cholestatic jaundice, sialadenitis, xanthopsia, photosensitivity, purpura, bullous eruptions, 
Stevens-Johnson syndrome, necrotizing angiitis, fever, respiratory distress (including 
pneumonitis), anaphylactic reactions, agranulocytosis, leukopenia, thrombocytopenia 
aplastic anemia 

CAUTION: Federal ( U.S.A.) law prohibits dispensing without prescription 

Keep tightly closed. Store at room temperature. Avoid excessive heat 

Dispense in tight containers as defined in USP 

See product circular for full prescribing information. Revised: March 1992 
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disease documented at predischarge seqpography 
sen followed for 43 + 30 months after 


'osp | ively evaluated to investigate the 
c c value of infarctrelated artery patency 


tic reg ie ssion analysis revealed that only infarct 
artery patency (Thrombolysis in Myocardial Infarc- 
, y eel grades 2-3 vs 0-1) Z= 2. 224; L 










o 1 versus 96% with ade 2-3 in: «0. 001). 
"atency of the infarct-related artery was also the 
yy / independent predictor of recurrent ischemia 

= 2.59; p <0.01). In conclusion, both infarct- 

lated artery patency and LV function are inde- 

ndent predictors of survival after Q-wave acute 

cardial infarction. Patients with normal LV 
function have an excellent long-term prc is, 

Ü which i is only partially counterbalanced by the 

| tendency toward clinical instability observed in 

.. those with an open infarct-+elated vessel. Howev- 

. er, when an occluded infarct-+elated artery is 
observed in the setting of LV dysfunction, the 
long-term outcome appears to be relatively poor. 

(Am J Cardiol 1993;71:1-7) 
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Marcello Galvani, MD, Filippo Ottani, MD, Donatella Ferrini, MD, 
Francesco Sorbello, MD, and Franco Rusticali, MD 


Q-wave acute myocardial infarction. (AMI) is 

'mainly directed toward assessing the damage 
caused by the infarction on left ventricular (LV) func- 
tion and the presence of residual ischemia.'-^ Patency of 
the infarct-related artery received little attention, until it 
was found that pharmacologic recanalization of the 
infarct-related vessel improves the outcome of patients 
with AMI even when achieved late in the course of the 
necrotic process.^? Patency of the infarct-related artery 
may influence LV remodeling? and provide a more sta- 
ble electrophysiologic milieu!0-7; however, it may be 
the hallmark of the existence of viable myocardium in 
the risk area favoring the recurrence of ischemic events. - 
To assess whether the presence of residual anterograde 
perfusion of the infarct-related artery affects the long- 
term outcome of patients after Q-wave AMI, we retro- 
spectively analyzed the prospectively collected clinical 
and angiographic recordings of patients with 1-vessel 
disease who were systematically catheterized before hos- 
pital discharge. 


C] ong-term prognostic evaluation of patients after 


METHODS 

Patient selection: Between January 1978 and De- 
cember 1989, 1,788 patients who subsequently devel- 
oped a Q-wave AMI were consecutively admitted to our 
coronary care unit. Of these patients, 172 fulfilled the 
following inclusion criteria: (1) absence of previous 
AMI, (2) relatively uncomplicated clinical course, Le., 
absence of cardiogenic shock or severe LV heart failure 
(Killip class >ID, or both, and no evidence of recurrent 
ischemia during hospital stay; (3) predischarge cardiac 
catheterization showing the presence of coronary artery 
disease limited to the infarct-related artery; and (4) ab- 
sence of serious noncoronary disease that may limit 
long-term follow-up. Because the inclusion criteria were 
selected retrospectively, the clinical records of these pa- 
tients were specifically reviewed to ensure that all crite- 
ria were fulfilled. At the time of hospitalization, 58 pa- 
tients received intravenous thrombolytic therapy (uroki- 
nase in 28, and tissue plasminogen activator in 30), and 
114 were conventionally treated. 


PATENCY OF THE INFARCT-RELATED ARTERY 1 = 



















variate s Comparison Between aw and 


Nonsurvivors 
(n = 16) 


Survivors 
(n = 156) 





Variable p Value 


Age (year) | 50 x7 


5129 0.597 
% smokers 51 56 0,908 
% on acetylsalicylic acid 37 44 0.806 
% on B blockers 18 19 0.793 
% patency of infarct-re- 53 6 0.0001 
lated artery 
% recurrent ischemia 2i 6 0.295 
% congestive heart failure 4 13 0.346 
% thrombolytic therapy 35 25 0.619 
Ejection fraction (96) 55 12 44 x 13 0.0006 
End-diastolic volume 100 + 30 134 + 36 0.0001 
index (ml/m?) 
End-systolic volume 46 + 21 74 x 23 0.00001 
index (ml/ m?) 
% left anterior descending 49 69 0.124 
% left circumflex 13 0 0.265 
% right coronary 38 32 0.805 
% collateral flow to 40 75 0.0140 


infarct-related artery 


Values are mean + SD. 


Electrocardiographic evaluation: Twelve-lead elec- 
trocardiograms were obtained on admission and once 
daily until day 8. All patients were classified as having 
Q-wave AMI, because their electrocardiograms showed 
the presence of pathologic Q waves, i.e., Q waves 230 
ms in duration in 22 anterior (V;—V4), inferior (II, HI or 
aVF) or lateral (V«-Vg or I, aVL) leads.? 

Coronary angiography: All patients underwent se- 
lective coronary angiography and left ventriculography 
10 + 3 days after the onset of AMI. Only patients with 
coronary artery disease limited to the infarct-related ves- 
sel were included in the study (i.e., patients with even 
nonsignificant stenoses in the remaining arteries were 
excluded), because the presence of even nonsignificant 
coronary artery disease has an unfavorable effect on 
long-term mortality. '^ 

Patency of the infarct-related artery was assessed 
according to the Thrombolysis in Myocardial Infarction 
(TIMI) criteria.!° Each patient was classified as having 
no or minimal anterograde perfusion (TIMI grades 0 and 
1), or partial or complete anterograde perfusion (grades 
2 or 3). LV function was evaluated in the 30" right ante- 
rior oblique projection. Ventricular volumes and ejection 
fraction were calculated by a single-plane area-length 


- method. Angiographically visible collaterals were 


graded on a 3-point scale as absent (grade 1), minimal 


E: (grade 2) or well-developed (grade 3). A patient was 


| considered to have collaterals to the infarct-related artery 
$ — if the collate Y" auton n was 2 or 3. 





lo utp: 
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received by each p ‘patient w were ao recorded. The occur- 
rence of cardiac events (unstable angina, reinfarction, 


a congestive heart failure and sudden cardiac death) was 
carefully evaluated. 














RNAL OF CARDIOLOGY VOLUME 71 JANUARY 1, 1993 










TABLE lH. Univariate Comparison Between Patients With and 
Without Recurrent Ischemia 
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Recurrent Recurrent 
ischemia ischemia 
Variable (n = 139) (n = 33) p Value 



























Age (year) 51+ 6 52 x8 0.423 
% smokers 45 57 0.283 
% on acetylsalicylic acid 4} 36 0.771 
% on B blockers 20 15 0.559 
% patency of infarct-re- 43 73 0.004 
lated artery 
% survival 89 96 0.295 
% congestive heart failure 4 6 0.974 
% thrombolytic therapy 32 42 0:331 
Ejection fraction (96) 5312 59 x 13 0.007 
End-diastolic volume 106 + 32 89 x 28 0.005 
index (ml/m2) 
End-systolic volume 5122 38 x 22 0.003 
index (mi/m?) 
% left anterior descending 47 67 0.074 
96 left circumflex EI 15 0.689 
% right coronary 42 18 0.02 
% collateral flow to 45 36 0.507 


infarct-related artery 


Values are mean + SD. 


Because the study population comprised only pa- 
tients with 1-vessel disease, interventional procedures 
were performed only when limiting symptoms were 
present. No patient was lost to follow-up. Patients who 
underwent revascularization procedures (12 percuta- 
neous transluminal coronary angioplasties, 11 coronary 
bypass surgeries and 2 left aneurysmectomies) during 
follow-up were recorded as alive until the date of the 
procedure and as lost to follow-up thereafter. 

Statistical analysis: Univariate comparisons be- 
tween continuous variables were performed using the 
unpaired f test and between categorical variables using 
the chi-square test. Independent determinants of surviv- 
al and recurrent ischemia were identified using multi- 
variate logistic regression analysis.!* We included in the 
logistic regression model variables that were out of bal- 
ance (p «0.2) at the univariate comparison. Wald sta- 
tistics were used to test the differences. ? Survival curves | 
were computed according to Cutler and Ederer.? Com- 
parison of survival between different subgroups was per- 
formed by the method of Mantel and Haenszel.?! 

Values in the text are reported as mean + SD. Dif- . 
ferences were considered significant if the null hypothe- - 
sis could be rejected with >95% confidence. , 





RESULTS 
Follow-up data: The study population was followed | 
for a mean of 43 + 30 months (range 5 to 194). More | 
than 50% of patients were followed for 23 year. — — 
During the study period, 16 cardiac deaths were ob- - 
served; 15 were sudden, and 1 was due to progressive, - 
congestive heart failure. There were no deaths recorded - 
of noncardiac origin. Table I shows the results of the 
comparison between surviving and nonsurviving pa- 
tients. The former g r poup had a higher patency rate of 








n the infarct-related vessel and a | higher ejection fraction 
- than did the latter. Conversely, nonsurviving patients had 
-larger diastolic and systolic volumes and showed the 
- . presence of collateral flow to the infarct-related artery 
.—. more often. Among nonsurviving patients, the left ante- 
. rior descending artery was the infarct-related vessel in 
.—. 69% of cases versus 49% among survivors. 
.. During follow-up, recurrent ischemia (i.e., the occur- 
.. rence of unstable angina or reinfarction, or both) had an 
overall incidence of 19% (33 episodes among 172 
d patients). Table II shows the results of univariate com- 
parison between patients with and without recurrent is- 
d chemia during the study period. Patients with recurrent 
. ischemic events had a significantly higher patency rate 
nfarct-related artery and had better LV function 
subjects without those events. Lesions of the 
oronary artery were particularly infrequent among 
tients with recurrent ischemia. Furthermore, survival 
TE was similar between the 2 patient groups, possibly 
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because al uisu with unstable an 1 
underwent successful revascularization pro 
Analysis of survival: Figure 1 shows. 
multiple logistic regression analysis applie 
as the dependent variable. End-diastolic volume ini 
ejection fraction, left anterior descending as the infarct- S 
related artery, and presence of collateral flow to the — 
infarct-related vessel were not found to have an indepen- - 
dent prognostic value. Survival was most significantly 
related to patency of the infarct-related artery (p «0 05) = 
and to end-systolic volume index (p <0.01). m 
According to the patency status of the infarct-related — 
artery, 88 patients were found to have TIMI grade 0-1, — 
whereas 84 had grade 2-3 (8 with grade 2, and 76 with os 
grade 3). The overall 10-year mortality rate was 9%. _ 
Only 1 patient with TIMI grade 2-3 of the infarct-relat- — 
ed artery died during follow-up. Conversely, the remain- 
ing 15 nonsurviving patients had TIMI grade 0-1. There- E 
fore, the 10-year percent survival rates were 98% mo 
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| pieseike: of LV dysfunction (de- 
fined as end-systolic volume index exceeding the upper 
-limit of normal for our laboratory, i.e., >40 ml/m?), 98 
patients had. enlargec | 
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umes s <40 mim? — patients i viti TV lysfunction, 
end-systolic volume indexes and mortality was 30% (15 of 51) in those with. TIMI grade 








ume indexes (ESVI) « of 43 control sub- 
jects are shown. Dotted line represents 
upper limit of normality (i.e., mean + 2 
SD) of ESV! used to separate patients 
with and without LV dysfunction: 40 
mi/m?, ESVIs were similar among Throm- 
holysis in Myocardial infarction (TIMI) 
grade 0-1 and : 2-3 patients. Mortality 
was 0% in patients without LV dys- 
function, 2% in those with LV dysfunction 
and patent infarctrelated artery, and 
30% in those with LV dysfun 









FIGURE 4 4. — ‘survival analysis for 














ure 4 shows the effects of infarct-related artery patency 
and LV dysfunction on long-term survival. Because no 
deaths were observed in patients without LV dysfunc- 
tion, the 10-year survival rate was 100% in patients with 
both TIMI grades 0-1 and 2-3. Among patients with 
end-systolic volume index >40 ml/m*, the percent sur- 
vival rate at the end of follow-up was 96% in those with 
.. patent infarct-related arteries versus 20% in those with 
<o> ¢losed arteries (p «0.001). Patients with TIMI grades 
© (+1 and 2-3 had similar ejection fractions (53 + 13% 
© vs 54 + 11%), end-diastolic volume indexes (106 + 30 
^. vs 100 £ 35 ml/m?), incidence of left anterior descend- 
—. ing artery as the culprit vessel (52 vs 52%), and follow- 
tions (42 + 33 vs 44 + 27 months). 
nalysis of recurrent ischemia: Figure 5 shows 
> results of multiple logistic regression analysis 
- applied to recurrent ischemia as the dependent variable. 
A Only the patency of the infarct-related artery. appeared 
to be an independent predictor of recurrent ischemia in 
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FIGU 5. Results of multiple logistic 

on analysis applied to recurrent 

emi: {occurrence of unstable angina 

farction, or both, during follow-up) 

as de recs Sent variable. Among 0 sigil- 

di e imi. at univariate comparison, only 
shown to have independent value. 

s as in Figure 1. 











: FIGURE 6. Event-free rate from recurrent 
UP ischemi nie dn T plysis in Myocardial 
Infarctio (TIM) grade 0-1 and 2-3 pa 





tients. Over 10 years of observation, TIMI 
grade 2-3 patients had a higher rate of 
recurrent ischemia than did grade 0-1 
subjects (p «0.01). Number of events 
observed in each group at each follow-up 
interval is indicated in diagram. Number 
of patients in each group at beginning of 
each follow-up interval is shown at bot- 
tom of graph. 
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m 0-1 versus 2% in those wiih gade 2-3 (Figure 3). Fi. | 
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IRA Patency 


the study ee (p «001). The inciden ect 
rent ischemia during follow-up according to patency. of. 
the infarct-related vessel is shown in Figure. 6. Nine - 
episodes of recurrent ischemia occurred in patients with 


TIMI grade 0-1, and 24 in those with grade 2-3. Most 
events were observed during the first year (52%) and 


occurred only in patients with patent infarct-related - 
arteries. After 10 years, only 55% of patients with TIMI - 
grade 2-3 were free from recurrent ischemia versus 80% 
of those with grade. 0-1 (p « 0.01). 

Effects of ti olysis: Thrombolytic therapy was 
given to 33% of the study. population. In these patients, 





the time elapsed between admission and cardiac cathe- - : 


terization was similar to that observed in conventional- - 
ly treated subjects (10 + 3 vs 9 + 4 days). Because of- 
historical reasons, follow-up. duration was significantly. 
shorter in the thrombolysis group (36 + 12 vs 67 + 16 
months; p <0.01). When compared with the conven- | 


tionally treated group, patients given thrombolysis. were -— 


more likely to have recurrent ischemia during follow-up : 
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‘Studies 
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Trappe et al?5 Conv 


tteombolysis. 


(24 vs 17%), and a higher patency rate of the infarct- 
related artery (57 vs 45%), but similar LV function (end- 
diastolic volume index 104 + 35 vs 103 + 31 ml/m°, end- 
systolic volume index 49 + 24 vs 49 + 22 ml/m?, and 
ejection fraction 55 + 10% vs 53 + 13%). However, 
among patients with patent infarct-related arteries, LV 
function was significantly better in patients treated with 
thrombolysis than m conventionally treated subjects 
(end-diastolic volume index 94 + 32 vs 116 + 36 ml/nv?, 
p «0.01; end-systolic volume index 42 + 21 vs 56 + 27 
ml/m?, p «0.05; and ejection fraction 56 + 10% vs 53 
+ 10%, p = NS). No differences were observed in the 
group with occluded infarct-related vessels. 


DISCUSSION 

The results of this study indicate that among short- 
term surviving patients of Q-wave AMI, the long-term 
clinical outcome of those with patent infarct-related 
arteries is more benign than that observed in those with- 
out anterograde perfusion. To avoid biases that occur 
due to patients undergoing angiographic study at differ- 
ent times after the acute event (often on the basis of clin- 


ical indications), we included only those who underwent _ 


routine predischarge angiography. Furthermore, to rule 
out the potentially confounding effects of multivessel 
disease on survival,” only patients with coronary artery 


< disease limited to the infarct-related artery were select- 
.. ed. In this study population, cardiac death was relative- 


ly infrequent (overall mortality rate 9%), mainly sudden 
and almost invariably associated with LV dysfunction 
and absence of anterograde perfusion in the infarct-relat- 
ed artery. All 16 patients who died had an increased end- 
systolic volume, and 94% (n = 15) had no or minimal 
anterograde flow. 
ince of LV end-systolic volume as the 
ant of late outcome has been emphasized 
? and also has been uniformly confirmed 
quent studies. Patency of the infarct-related 
artery was the second predictor of mortality in our study 
population. The results are in agreement with those 
reported in the 4 previous studies that examined the 
‘prognostic impact of the patent artery on survival?-?6 
(Table III). All these studies consistently indicated that 
vessel patency is associated with a better clinical out- 
come. 

The relative prognostic importance of LV dysfunc- 
tion and patency of the infarct-related artery is an unre- 
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B E m | Mortality with Respect to Patency Status of Infarct- Related Artery i in Published - 
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Not stated 


Gohtke et al24* 102 Not stated <1 year 51 17 13 
Dalen et ale 289 Thromb. 90 min 12 15 8 
Cigarroaetal?^? — 179  Conv./thħhromb. 1-150 days 47 18 0 
Present study 172 . Conv./thromb. — 4—14 days 43 17 1 


*Left anterior descending lesions only, proximal to first septal perforator. 
Angio = angiography; Conv. = conventional; FU = follow-up. IRA = 













% Cumulative Mortality 
Mean FU ——————————— 
(mos) 










No IRA Pat. IRA Pat. 

















infarct-related artery; Pat. = patency; Thromb. = 








solved issue. We and other investigators? have found 
that patients with and without vessel patency have simi- 
lar LV volumes and function. However, both LV dys- 
function and patency status of the infarct-related artery 
may have a causal relation with the pathogenetic mech- — 
anism underlying the death of post-Q-wave AMI pa- — 

tients. This presumptive evidence is supported by the 
consistent observation that the vast majority of deaths, 
both in our study and in others,92?25 was sudden, thus 
involving ventricular fibrillation as the terminal event. 

Another important point is whether vessel patency is 
associated with better LV function. In this respect, our 
predischarge catheterization data are in contrast with 
those of Schroder et al^ who reported the angiograph- 
ic findings obtained 1 month after AMI in the Intra- 
venous Streptokinase in Acute Myocardial Infarction 
study subgroup of patients without noninvasive evidence 
of early reperfusion. In that study, a patent infarct-relat- 
ed artery was associated with better LV function, regard- 
less of whether patients were treated with the thrombo- 
lytic agent. Because functional recovery of the ischemic 
myocardium after coronary occlusion may be variable 
and can take several days,?? it is conceivable that predis- 
charge angiography may obscure the difference between 
patients with and without a patent artery, because of 
myocardial stunning still present at the time of the inva- 
sive study. 

Our study also indicates that recurrent ischemia oc- 
curs very frequently among post-Q-wave AMI patients 
with patent coronary arteries, particularly in the first year 
after the acute event. The pathophysiologic basis of this 
clinical instability may be the presence of residual jeop- 
ardized myocardium within the perfusion zone of the 
infarct-related vessel, as has been shown in patients with 
non-Q-wave AMI? Accordingly patients with re- 
current ischemia had better LV function than did those 
without it (Table II). 

The main limitation of this study is that we evaluat- 
ed a mixed study population (i.e., subjects treated or not - 
treated with intravenous thrombolysis). However, this 
does not appear to have affected the results of the study, 
because time to angiography was similar in the 2 patient 
groups, both groups had no evidence of recurrent 
ischemia during the hospital stay, and thrombolytic ther- 
apy had no independent influence on survival and recur- 
rent ischemia, as ascertained by multiple logistic regres- - 
sion analysis. 




























In conclusion, the results of this study indicate that 

in patients with 1-vessel disease surviving an initial Q- 

wave AMI, the occurrence of fatal events during follow- 

up can be reliably predicted by the patency status of the 

 infarct-related artery and by the presence or absence of 

LV dysfunction. The finding of normal end-systolic vol- 

ume with or without patency of the infarct-related artery 

. identifies a group of subjects with an excellent long-term 

^. prognosis. Among these subjects, those with preserved 

. . anterograde perfusion of the infarct-related artery have 

— a high incidence of nonfatal recurrent ischemic events, 

= possibly linked to the presence of viable myocardium in 

the risk area supplied by the culprit vessel. However, the 

association of LV dysfunction and an occluded infarct- 

related vessel appears to be a high-risk combination that 

has the potential for substantial late mortality (cumula- 
ive rate 30%). 
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Simult 


In a subgroup of 45 patients with acute myocardi- 
tivator complex (APSAC) (n = 20) versus heparin 
(n = 25), simultaneous thallium (TI)-201 techne- 


APSAC over heparin. Findings in the 2 treatment 
groups were similar with respect to TF201 defect 
score, relative scinti ic infarct size, and in 

keeping with the main group coronary artery pa- 


"E 








tency, global eject fraction and maximal cre- 
atine kinase level. However, 2 different T+201/ 


of infarction (homogeneous, group A; inhomoge- 
neous, group B) were identified. Both treatment 
groups were similar with regard to the frequency 
in comparing the 2 accumulation pattems, crea- 
tine kinase peaked earlier in group A than in 
group B, and globai left ventricular ejection frac- 
tion was significantly higher in group A than in 
group B. in Group A, 30 of 31 patients and in 
group B 7 of 11 patients had a patent infarct«elat- 
ed vessel (p <0.025). Tl-201 defect score was 
lower in group A than in group B. Likewise, rela- 
tive size of the infarction as determined from Tc- 
99m PYP images was significantly lower in group 
A than in group B. Fifteen patients experienced 

in group B had a higher incidence of these in-hos- 
pital complications than patients in group A (92 vs 
_ 12%, p «0.0005). Scintigraphic infarct size and Tt 
mentioned clinical events. In addition to 
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aneous Thallium-201/Technetium 
Pyrophosphate Tomography 
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It is concluded that TH201/Tc-99m PYP tomog- 
raphy is a promising tool for evaluating AMI and 
predicting the clinical course of patients. 

(Am J Cardiol 1993;71:8-13) 


adionuclide studies are frequently used to evalu- 

ate patients with acute myocardial infarction 

(AMI) undergoing thrombolytic therapy. Myo- 
cardial salvage can be assessed using serial examinations 
after either intravenous or intracoronary thallium-201 
(TI-201) application.'? Some studies suggested early 
technetium pyrophosphate (Tc-99m PYP) uptake as a 
marker of reperfusion.^^ Only few investigators per- 
formed dual radioisotope studies using a marker for per- 
fusion and a marker for necrosis simultaneously. ° Ha- 
shimoto et al’ demonstrated that TI-201/Tc-99m PYP 
overlap on dual emission computed tomography can dif- 
ferentiate early reperfusion from slightly delayed re- 
canalization. With use of combined simultaneous Tl- 
201/Tc-99m PYP tomography, the present randomized 
study was undertaken (1) to elucidate a possible benefit 
of anisoylated plasminogen streptokinase activator com- 
plex (APSAC) over heparin, (2) to relate different Tl- 
201/Tc-99m accumulation patterns to clinical findings, 
and (3) to test the feasibility of dual radioisotope to- 
mography for predicting the clinical course of patients 
after AMI, 


METHODS 

The study group comprised 45 of 55 consecutive pa- 
tients with AMI admitted to the intensive care unit of 
the medical department, University of Freiburg. These 
patients were part of the German multicenter trial of 
APSAC versus heparin which was published recently. 
Ten patients could not be examined by scintigraphy for 
logistic reasons. Patients were included in the study 
when they had 230 minutes of chest pain and ST-seg- 
ment elevation of 20.1 mV in at least 1 standard elec- 
trocardiographic lead and 20.2 mV in at least 1 V lead 
persisting even after sublingual administration of either 
0.8 mg nitroglycerin or 10 mg nifedipine. Patients with 
contraindications to fibrinolytic therapy, as well as pa- 
tients in cardiogenic shock, were excluded from the 
study. Additional exclusion criteria were chest pain last- 
ing for >4 hours before presentation and ST-segment 
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ey vation in in 1 the presence of Q waves, indicating r previ- 


oth groups enis before treatment. 
y after randomization, either 30 U of APSAC 
enous injection over 5 minutes, or 5,000 U 
ollowed by an infusion of 17 U/kg/hour was 
the APSAC group, heparin infusion was also 
begun 4 hours after the administration of APSAC. Hep- 
ann treatment was continued until cardiac catheteriza- 
tion was performed 14 to 21 days later. Care was taken 
` to adjust the partial thromboplastin time to 1.5 to 2 times 
normal. Cardioactive drug treatment was given, if clini- 
cally. indicated, at the discretion of the attending physi- 







! lyocardial imaging: Simultaneous TI-201/Tc-99m 
P tomography was performed within 4 days after the 
onset of chest pain. All patients were examined during 
a stable phase of 212 hours after AMI. Tomography Was 
obtained using the 7 pinhole technique in an approxi- 
mately 40° left anterior oblique, 10° cephalad tilt pro- 
.. jection. Scintigrams were recorded using a 38 cm large 
=<. field-of-view camera (Dyna 4, Picker) with 2 impulse 
-> height analyzers. A commercial 7-pinhole collimator fo- 
^. cused at 13.5 cm with seven 5.3 mm pinholes was fit- 
E ted. to the camera. Energy discrimination was provided 
— bya 15% window centered on the 75 keV peak for Tl- 
K 201 and a 5% window centered on 140 keV for Tc-99m. 
— This adjustment yields optimal results, as shown in a 
previous study.!! The imaging time ranged between 12 

: . and 17 minutes. 
n Scatter corrections: The raw data were corrected 
E . for down-scattered Tc-99m counts and for radioactivity 
- -.from TI-201 gamma rays (135 and 167 keV) according 
© the following formulas, as reported": a = A — Ba; 
" | oe T1201 counts; a total 
















nts; pei Vi counts at t 140 keV; 8- x: 
-201 s aaa at 140 keV/TI-201 standard at 75 keV). 
e Data processing and overlay technique: T1-20! 
| and Tc-99m PYP tomograms were separately recon- 
- X structed according to the method employed by Vogel et 
al^ Sixteen slices of nominal 0.8 cm intervals were 

generated. After reconstruction, images were viewed 
. using a 15- step color scale. For dual isotope display, the 
—-Tc-99m PYP images were background-subtracted to 

ensure that residual blood pool activity of Tc-99m PYP 
could no longer be seen. Then the images were inverse- 
ly colored and overlaid on the normally-colored and 
background-subtracted TI-201 images. 
image analysis: The first 6 short-axis slices follow- 
ing the apex were used for evaluation. TI-201 defects or 
Tc-99m PYP accumulations had to be present on 22 
contiguous slices. A TI-201 defect was diagnosed if the 
regional viability index as defined by Stimer et al^ was 
below 75%. In the TI-201/Tc-99m PYP tomograms, ev- 
ery accumulation with greater intensity than residual 
blood pool activity localized in the ventricular wall was 
judged pathologic, as previously described. 
From each TI-201/Tc-99m PYP tomogram, the angle 
e under which the Tc-99m PYP accumulation appeared 

























was measured for each NET A and e | in 


. degrees. Relative infarct size (in degrees) was defined as- 


mean value of the 6 slices. Accordingly, a TI-201 defect 
score (in arbitrary units) was calculated from areas of 
moderately reduced TI-201 uptake (MRU: 45% < VI 
< 75%) or extensively reduced uptake (ERU: VI <45%) 
using the following formula: 


Soren = $ MRU 12 ERU 
n=] 6 

T-201/Tc-99m pyrophosphate aiccümulation pat- 
tems: Additional analyses were based on 2 different TI- 
201/Tc-99m PYP accumulation patterns that could be 
identified (Figure 1): (1) intense and homogeneous Tc- 
99m PYP accumulation corresponding to a Tl-201 de- 
fect (group A); and (2) inhomogeneous Tc-99m PYP 
accumulation within the TI-201 defect (group B). In 
group B, the maximal activity was predominantly local- 
ized in the infarct periphery with relatively less or no 
pathologic central uptake. 

Cineventriculography: Of the 45 patients, 42 had 
high-quality simultaneous biplane coronary angiography 
and underwent left-sided cardiac catheterization within 
2 to 3 weeks after AMI. 

Creatine kinase: Blood samples for determination 
of creatine kinase level were collected every 3 hours for 
up to 24 hours after the start of treatment and every 6 
hours for the next 48 hours as a noninvasive measure to 
judge early reperfusion. Patients with a creatine kinase 
mu. 15 hours were regarded as having early reperfu- 
sion. 

Statistical analysis: Values reported are mean value 
+ | SD. Comparisons between groups were obtained 
with the Wilcoxon test. The chi-square test or Fishers 
exact test was used in the clinical course comparison. 


RESULTS 

Of the 45 patients, 20 received APSAC and 25 hep- 
arin. Every patient showed a TI-201 defect and a corre- 
sponding Tc-99m PYP accumulation. Thirty-three pa- 
tients (73%) had a homogeneous (group A) and 12 
patients (27%) an inhomogeneous (group B) Tc-99m 
PYP accumulation pattern in the area of a TI-201 defect. 

APSAC versus heparin: Analysis of the clinical 
data revealed no significant difference between the 
APSAC and the heparin groups with respect to sex, 
mean age, infarct location, time from AMI to treatment 


and time to scintigraphy (Table I). With regard to the — 







TI-201/Tc-99m PYP pattern, no significant differe ce J 
was seen between the APSAC group (group A: n = 15; Ja 
group B: n = 5), and the heparin group (group A= 
18; group B: n = 7) (Table ID). Moreover, scintigraphic pe 


infarct size, TI-201 defect score, global ejection fraction, 


late patency of the infarct-related vessel, and maximal 
creatine kinase level were comparable in both groups, 
whereas creatine kinase in the APSAC group peaked 
after 11 + 6 hours and thus was seen significantly (p. 
«0.001) earlier than in the heparin group with a creatine 
kinase peak after 19 + 7 hours (Table II). 
TF201/To99m pyrophosphate uptake pattem: Base- 


line characteristics in patients with a homogeneous TI- 
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201/Tc- 99m PYP pattern (group A) were not different 
from those with an inhomogeneous pattern (group B) 
(Table IIT). Additionally, maximal increase in creatine 
kinase was similar in both groups. However, creatine 
kinase peaked earlier in group A than in group B (Table 
IV). Moreover, global left ventricular ejection fraction 
was significantly higher in group A than in group B 
(Table IV). 


ooo I X 





In Group A, 30 of 31 patients had a patent infarct- 
related coronary artery. One patient with occlusion of 
the left anterior descending coronary artery showed 
complete filling of the infarct vessel by collaterals. In 
group B, 7 of 11 patients had a patent infarct-related ves- 
sel (Table IV). Filling over collaterals was not seen in 


group B patients with persistently occluded infarct ves- 


sels. 
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FIGURE 1. Homogeneous (A and C) versus inhomogeneous (B and D) technetium-99m pyrophosphate (Tc-99m PYP) 
accumulation in acute myocardial infarction indicating low or high risk of developing severe heart failure: short-axis cuts of 
thallium (TI)-201/Tc-99m PYP tomography in 4 different patients. Normal T-201 accumulation is shown in red, T-201 defect 
in blue, and Tc-99m PYP uptake in yellow and green. A, homogeneous Tc-99m PYP accumulation corresponding to a T-201 
defect is seen in anteroseptal infarction; B, inhomogeneous Tc-99m PYP accumulation (arrows) is located at the edge of 
the corresponding Tl-201 defect in anteroseptal infarction; C, homogeneous Tc-99m PYP accumulation corresponding to TI- 
201 defect is seen in posterolateral infarction; D, inhomogeneous Tc-99m PYP accumulation (arrows) is located at the edge 


of the corresponding T-201 defect in inferior infarction. 
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| i TABLE t Baseline Characteristics of Treatment Groups 


APSAC 
(n = 20) 





Patient 
Characteristics 


Heparin 
(n = 25) 

















Age (years) 
Men/women 
infarct location 
Anterior il il 
inferior 9 14 
Time to treatment (min) 175 + 38 161 + 56 
Time to scintigraphy (hours) 28 +12 









p. T-201/Tc-99m 
i PYP pattern 

Homogeneous 15 18 
- (group A) 












183 x 106 U 
143 + 45° 


55 +15 NS 
20/23 NS 
(87%) 


57s 17 
17/19 
(89%) 


925 + 507 U/L 1,025 + 659 U/L NS 
11 + 6 hours 19+ 7 hours <0.001 








to. TI-201/Tc-99m PYP accumulation 
201 defect score was lower in group A 
an in group B. Likewise, relative size of the infarction 
^as determined from Tc-99m PYP images was signifi- 
` cantly lower in group A than in group B (Table IV). 
Clinical course: A total of 15 patients experienced 
cardiogenic shock or severe heart failure. Patients in 
group B had a higher incidence of these in-hospital 
complications compared with patients in group A (92 vs 
%, p «0.0005) (Figure 2). Two patients in group B 
sd of cardiogenic shock. 


















Ol defect score and scintigraphic infarct sizes 


Other complications included arrhythmia in 18 pa- 
- tients, infarct extension by routine clinical criteria in 4 
patients, and atrioventricular block in 3 patients. How- 
ver, no correlation with the TI-201/Tc-99m accumula- 
tion pattern was seen in these patients. 


.. APSAC versus heparin: The first purpose of this 
study was to assess noninvasively a possible benefit of 
\PSAC over heparin by TI-201/Tc-99m PYP tomog- 
aphy. The recently published German multicenter trial 

















TABLE Ill Baseline Characteristics of Groups A and B 
TI-201/Tc-99m PYP Pattern 








inhomogeneous 
(group B) 
n= 12) 


Homogeneous 
(group A) 
(n = 33) 


Patient 
Characteristics 





Age (years) 57 +8 
Men/women 

Infarct location 

Anterior 15 7 

inferior 18 5 

+ 

as 


— — 


Time to treatment (min) 162 x 39 
Time to scintigraphy (hours) 31 + 20 + 


€— 







Abbreviations as in Table H. 





TABLE IV. Comparison of Homogeneous (group A) and 
Inhomogeneous (group B) TI-201/Tc-99m PYP Accumulation 
Patterns 
















Group B 
(n= 12) 
242 + 98U 
188 x 74 


Group A 
(n = 33) 


TI-201 defect score 132 € 89U 

Tc-99m PYP infarct 121 x 72° 
size 

Global LVEF 

Max CK 

Time to CK peak 

Patency of the 
culprit vessel 
(ñ = 42) 


Abbreviations as in Table H. 


















46 x 14926 
1,097 + 523 U/L NS 

18+ 7 hours — «0.05 

7fil 

64% 


60 + 13% 
941 + 617 U/L 
15 x 8 hours - 
30/31 
9776 





of APSAC versus heparin for AMI!° as well as other " 





reports!-!9 demonstrated the favorable influence of - 
APSAC on clinical course in the hospital. However, in _ 
contrast to other published reports, 19,20 no differences 


were found in the German multicenter trial between the- a 
2 treatment groups regarding coronary artery patency — 
assessed by late angiography and left ventricular ejec- ——— 


tion fraction. The subgroup of the present study exam- - i 
ined by scintigraphy showed similar results. In agree- 
ment with the clinical and angiographic data, 





groups. Other reports have described a significant reduc- 
tion in infarct size (up to 3196) in the APSAC group. 190 
However, these studies also showed significant differ- 
ences with respect to frequency of reperfusion. Whether 
coronary patency is or is not achieved will probably 
determine the size of infarction. In contrast, Castaigne 
et al?! found that ejection fractions were not significant- 
ly higher in patients who received APSAC at home, with 
a gain of approximately 60 minutes compared with pa- 
tients who received APSAC after admission. Disparity 
of time of reperfusion in the 2 treatment groups of our 
study population, as indicated by mean time to creatine 
kinase peak, may be of minor importance for infarct size 
as assessed by scintigraphic parameters and global ejec- 
tion fraction. Further studies will have to clarify this 
point — | 

T-201/Tc-99m pyrophosphate uptake pattern: 
The second question of the present study was to eluci- 
date the interrelation between TI-201/Tc-99m PYP ac- 
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cumulation pattern and clinical findings, which has not 
been described until now. In this study, creatine kinase 
maximal peak was not different in both group A with a 
homogeneous pattern and group B with an inhomoge- 
neous pattern. However, global left ventricular ejection 
fraction was higher and scintigraphic infarct size was 
lower in group A. These results strongly suggest that an 
inhomogeneous pattern is associated with a larger AMI 
size than is usuallv seen in patients with a homogeneous 
accumulation patiern. Furthermore, the significantly 
shorter time to creatine kinase peak in group A suggests 
a relation between scintigraphic pattern and time to cor- 
onary perfusion. The inhomogeneous pattern was gener- 
ally associated with increased activity accumulation of 
Tc-99m PYP in the border infarct periphery, as indicat- 
ed by TI-201 defect and decreased Tc-99m PYP uptake 
at the center. Prior studies described partial flow depen- 
. dency of Tc-99m PYP uptake within necrosis.2??? Tc- 
= 99m PYP accumulation was found to achieve a maxi- 
mum in the range between 31 and 50% of control 
flow.?^75 Only moderate or extremely reduced Tc-99m 
. PYP uptake was seen at low flow. Thus, it is likely that 
residual perfusion is required for homogeneous Tc-99m 
«a PYP O the infarct area. Actually, 97% of the 

jp up A had a patent infarct-related vessel, 
6% of the patients in group B showed an oc- 
'ver, the fact that coronary angiography 
|2 to 3 weeks after AMI makes this find- 




















related vessel, as suggested by Rude et al? or due to 
. lack of capillary reperfusion (no reflow).2’ In contrast to 
. planar imaging, the tomographic technique enables 
: identification of a inhomogeneous pattern even of the 
inferior wall. 

Clinical course: Patients with an inhomogeneous 
accumulation pattern (group B) had a higher risk of se- 
vere heart failure or cardiogenic shock. Other complica- 
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FIGURE 2. Diagram ef correlation between scintigraphic pattems and clinical course in all patients independent of therapy. 


tions such as angina pectoris, arrhythmia, reinfarction or 
atrioventricular block were not related to a particular 
accumulation pattern. These findings were in agreement 
with the data reported for the doughnut pattern in ante- 
rior infarction by Rude and co-workers. However, the 
results of the present study were more obvious. A pri- 
mary reason for the higher morbidity in group B patients 
was that they may have had progressive infarct expan- 
sion. In animals, even late reperfusion resulted in much 
less infarct expansion compared with permanent occlu- 
sion.^* Finally, infarct expansion, persistently occluded 
infarct-related coronary arteries and large infarcts appear 
to be risk factors for progressive left ventricular dilata- 
tion. 

In contrast, Botvinick et al? found a larger extent of 
Tc-99m PYP accumulation and TI-201 defect in symp- 
tomatic patients and in decreased patients than in 
asymptomatic patients. However, their data enabled 
identification of only 5 of 8 symptomatic patients. The 
TI-201/Tc-99m PYP pattern described in this present 
study provides more accurate prognosis regarding an 
adverse clinical course than conventional scintigraphic 
parameters. 
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Kt has been postulated that a reduction in blood 
viscosity due to de on of plasma fibrinogen 
may be of benefit to patients with acute myocar- 
c AN (a Wo: e kontod wihi 
| tytic "ts. The aims of this study were 
in ievestigeke tha Une course of rhealogic param: 
eters, to identify the principal factors determining 
blood viscosity, and to find possible correlations | 
See ae 
hematocrit were measured before and at 10 time 
points after thrombolysis in 10 patients with AMI. 
In addition, plasma fibrinogen and fibrin(ogen) 
degradation products were determined. immedi- 
ately after the start of thrombolysis, the viscosity 
of blood (both at high and low shear rate) and 
plasma decreased significantly and continued to 
do so for 24 hours. The mean hematocrit also de- 
creased markedly. and even after correction for 
these hematocrit changes, the reduction in blood 
viscosity i ined significant: it decreased to 
72% of pretreatment (measured at low shear 
rate), whereas the high-shear viscosity decreased 
to 95% of baseline. The viscosity of plasma signif- 
icantly decreased from 1.39 + 0.13 mPa * s 
(mean + SD) before thrombolysis to 1.22 + 0.08 
mPa * s after 2 hours. There was a rapid, nearly 
complete depletion in fibrinogen, followed by a 
striking rebound after the second day. The 
decrease in blood viscosity lasted for 2 days after 
ee ee A 
em it. The contribution of fib- 
Postes d sesresenialmpedesnsae recae 
nent. Despite these rheologic changes, no 
improvement in cardiac output was noticed in the 
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n the early phase after acute myocardial infarction 

(AMD), the rheologic conditions in coronary vessels 

nay be rather unfavorable. Apart from the impaired 
flow in the microcirculation distal to the occlusive 
thrombus, the viscosity of blood is increased because of 
a high hematocrit! and an increase in plasma fibrinogen 
concentration.'~+ This increase in viscosity may con- 
tribute considerably to the evolving myocardial necrosis, 
since oxygen supply to the myocardial tissue inversely 
depends on blood viscosity. ? By restoring patency, 
thrombolytic therapy improves the flow conditions in the 
coronary circulation. Additional improvement of blood 
rheology by lowering the increased viscosity may be 
advantageous in terms of oxygen supply and salvage of 
viable myocardial tissue. Because fibrinogen is a major 
determinant of blood viscosity, thrombolytic drugs that 
cause extensive fibrinogen breakdown could offer this 
additional benefit. In the past, streptokinase was shown 
to decrease plasma viscosity^? and more recent data 
confirm the higher reduction in plasma viscosity obtained 
with the less fibrin-selective thrombolytic agents." 1? 
However, the alleged clinical benefit of reduced viscos- 
ity has not been proven. The present study documents 
the time course of blood and plasma viscosity in 
patients with AMI treated with anistreplase. Further- 
more, we sought to identify the major factors influenc- 
ing blood viscosity during thrombolysis and to correlate 
changes in viscosity with cardiac output after throm- 
bolytic therapy. 


METHODS 

Patients: Ten patients, 9 men and 1 woman (mean 
age 60 years [range 50 to 68]) presented with typical 
signs of AMI and were included in the study within 4 
hours from onset of chest pain. Nine patients had an 
inferior AMI and 1 had an anterior infarction. None had 
experienced a previous AMI. The usual criteria for 
inclusion and exclusion were applied, except that the use 
of aspirin or other antiplatelet drugs was reason for ex- 
clusion, because these patients simultaneously partici- 
pated in a study on the influence of thrombolysis on 
platelet function. On the average 2.4 hours (range 1.2 to - 
4.2 hours) after beginning of chest pain, anistreplase 
(Anisoylated Plasminogen Streptokinase Activator Com- 
plex, Eminase® 30 U) was administered by intravenous 
injection over 2 to 5 minutes. Heparin was begun 3 
hours later by continuous intravenous infusion; its dose 
was adjusted according to the activated partial 
thromboplastin time. At 60, 75 and 90 minutes after 




























































starting the thrombolysis, coronary angiography was per- 
formed for assessing coronary patency and at 90 min- 
utes cardiac output was measured using the thermodilu- 
tion technique. Assessment of patency and cardiac out- 
put were repeated after 48 hours. Before and after 
anistreplase, blood was collected for determining the 
rheologic and hemostatic parameters as specified later. 
Blood sampling was complete in 4 patients, | sample 
was missing in each of 4 other patients and 2 patients 
had 2 missing samples; at all time points 28 observa- 
tions were available. The study protocol had been 
approved by our hospital's ethical committee and 
patients gave their informed consent before inclusion. 
d Methods: Blood for viscosity determinations was 
xe collected into tripotassium  ethylenediaminetetraacetic 
acid (final concentration 1 mg/ml), supplemented with 
aprotinin (final concentration 250 KIU/ml) in order to 
-. prevent in vitro fibrinogenolysis. Viscosity was mea- 
~~ sured within 1 hour from blood sampling using a rota- 
tional viscosimeter (LS-30; Contraves AG, Zürich, 
- Switzerland). Native blood viscosity, ie., at the actual 
—. hematocrit, was determined at 2 different shear rates — 
128.5 s! (high shear) and 1.3 s! (low shear), according 
- to the International Committee for Standardization in 
om Haematology recommendations.'! Standardized blood 
= . viscosity at either shear rate was corrected to a hemato- 
-crit of 0.45 as described by Matrai et al.’ 
- . For determining coagulation parameters, blood was 
drawn into citrate, which was supplemented with apro- 
. tinin (final concentrations 0.01 M and 250 KIU/ml, re- 
spectively) and centrifuged for 15 minutes at 3,000 g at 
< 4°C; the plasma was snap-frozen in liquid nitrogen and 
. stored at -70°C until analysis. Standard methods? and 
commercially obtained reagents were used. Fibrinogen 
as determined using the Clauss clotting rate method, 
and fibrin and fibrinogen degradation products by spe- 
-cific enzyme immunoassays based on monoclonal anti- 
inostika; Organon, Boxtel, the Netherlands). 
ee istical evaluation of changes over time points was 
- done using a univariate repeated measurements analysis 
7 of variance. In case of significance this was followed by 
a paired t test between data at baseline and the other 
time points. Multiple regression analysis was performed 
using the pooled data across all time points. A p value 
«0.05 was considered significant. 

































E . RESULTS 

Clinical: Coronary patency was observed after 90 
minutes in 9 of 9 patients (1 patient had coronary angi- 
oplasty after 60 minutes), and after 48 hours no reoc- 
clusion was seen. These results are not essentially differ- 
ent from what is usual for anistreplase therapy. 

Rheology: The pretreatment blood viscosity was 
within the normal range in all patients, both at low and 
at high shear rates. After administration of the throm- 
bolytic drug there was a rapid decrease in native blood 
viscosity, which reached its lowest value 24 hours later. 
At that time, the native blood viscosity was 7796 of pre- 
treatment value (p «0.001) at high shear rate and 49% 
of baseline value (p <0.001) at low shear rate (Figure 
1). Hereafter, the mean blood viscosity gradually in- 
creased but it was still lower than the initial value be- 








fore dilige 7 to 9 days after x hrombolysi, T The mean - 
hematocrit decreased steadily during the entire observa- 
tion period (Figure 1). 

When the blood viscosity was standardized to a he- - 
matocrit of 0.45, a different picture was seen. The low- 
shear blood viscosity was minimal after 12 hours (72% 
of baseline; p «0.02) and the high-shear viscosity de- 
creased to 95% of pretreatment values (p «0.05), also at 
12 hours (Figure 1). Both parameters returned to their 
baseline values after the second day and had increased 
significantly above pretreatment values before discharge. 

The viscosity of plasma was initially normal in all 
patients but 1, in whom it was elevated; mean + SD 1.39 
+0.13 mPa ° s. It decreased sharply in all patients imme- 
diately after administration of anistreplase (Figure 2). 
After 2 yen: the mean plasma viscosity was 1.22 + 0.08 
mPa * s, or 88% of baseline; this difference was signif- 
icant o «0.01). From 90 minutes up to 24 hours the 
mean plasma viscosity remained more or less stable and 
then started to increase. Before discharge it had increased - 
to 104% of the baseline value: 1.45 + 0.14 mPa ° s (p = 
0.033; Figure 2). 

Fibrinogen: All patients had normal fibrinogen be- 
fore treatment, ranging from 2.9 to 4. 0 g/liter (mean 3.33 
+ 0.45). After only 30 minutes, a considerable decrease 
in fibrinogen was apparent amounting to 13% of pre- 
treatment value (p <0.001). The nadir, at 4% of baseline 
values was observed after 2 hours and fibrinogen 
remained very low until 12 hours (Figure 3). Then, a 
rapid increase became manifest, crossing the pretreat- 

ment value after the second day. This fibrinogen rebound 
was still present before discharge, when the mean con- 
centration was 36% above the pretreatment value (4.53 
t 0.52 g/liter; p «0.002). 

Fibrin(ogen) degradation products and coagula- 
tion factors: The decrease in fibrinogen was accompa- 
nied by a rapid, marked increase in the concentration of 
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"The degrad ation products of cross-linked fibrin also 
significantly increased, but with a profile different from 
-that of the fibrinogen degradation products. The hi ghest 
. value was observed after 12 hours (mean 11.3 + 5.3 
 . mg/liter) and the rate of increase was only moderate. 
Before discharge, it was still elevated in all patients in 
whom it was measured. 

= Other coagulation proteins exhibited the expected 
..- pattern. Plasminogen activity significantly decreased (to 
about 12% of pretreatment at 3 hours), o-antiplasmin 
 . activity became very rapidly entirely depleted (mean 
«0.10 U/ml after 3€ minutes) and the euglobulin clot 
lysis time was extremely shortened («15 minutes) in all 
patients, 60 minutes after administration of anistreplase 
(p «0.001); the profiles were closely comparable to that 
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Bern by 48 iu s after start E £ ihrombolysis. } Memi d 
left ventricular ejection fraction was 75 + 10% (range 63 
to 87) at 90 minutes and 66 + 16% (range 36 to 84) 
after 48 hours. 

Regression models: We analyzed the. pooled. data 
of all patients in order to find the major determinants. of 
viscosity during thrombolysis and their relative impor- 
tance. The native blood viscosity (low shear) significant- 





ly correlated with the hematocrit (r = 0.681; p «0.0001) 


and with fibrinogen (r = 0.249; p «0.02), but not with 
the concentration of fibrinogen degradation products (r = 

0.01; p = not significant [NS]). The total variance in 
low shear blood viscosity was explained for 50% by the 
variance in the hematocrit and for another 13% by that 
in fibrinogen; the addition of fibrinogen degradation 
products did not further improve the sacha model. 


FIGURE 2. Plasma viscosity as a func- 

tion of time after thron ysis (mean + 
SD). Difference from baseline: *p «0.05. T 
and **p «0.01. Bs. 
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FIGURE 3. Fibrinogen (solid line) and fi- 
brin products (FgDP; _ 
dotted line) during the. study period 
(mean t SD). Difference | | ith. -— 
à + values: "p^ a: 01 and da pP 
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Similarly, the correlation between high shear blood 
viscosity and the hematocrit was significant (r = 0.739; 
p<0.0001). However, the high shear blood viscosity was 
only weakly correlated with fibrinogen (r = 0.166; p = 
0.112) and not at all with fibrinogen degradation prod- 
ucts (r = 0.08; p = NS). The hematocrit was the main 
determinant of blood viscosity at high shear rate, 
explaining 57% of its variance, followed by fibrinogen, 
which added 896 to the variance. 

The most important parameter determining the plas- 
ma viscosity under the circumstances studied was fibrin- 
ogen. It contributed 28% to the variance in plasma vis- 
cosity and was significantly correlated with it (r = 0.537; 

. p «0.0000). Again, the concentration of fibrinogen de- 

-gradation products conveyed no explanation to the vari- 

nce in plasma viscosity. 

<- There was no correlation of cardiac output with ei- 

ther blood viscosity (r = —0.154; p = NS), plasma vis- 
cosity (r = —0.216; p = NS) or fibrinogen (r = -0.508; 
p = Nd). 


Thrombolytic therapy can be regarded as the stan- 
‘dard treatment of patients with AMI. Among the nu- 
‘merous studies on various aspects of thrombolytic thera- 
| py little attention has been given to its rheologic effects. 
— Tt has always been postulated that reducing the viscosi- 
ty of blood by extensive degradation of fibrinogen by 
- means of thrombolytic drugs might be beneficial to the 
- patient,’ but this hypothesis has never been substanti- 
ated. 
3 To adequately appreciate the relevance of blood rhe- 
< ology for AMI and its thrombolytic treatment, some ba- 
- sic concepts of viscosity should be addressed.'* The 
movement of blood in a vessel is not homogenous: the 
-> flow pattern is best represented by an infinite number of 
A al fluid layers, each of which moves with a 
elocity. The velocity of the central layer is 
8 er than that of more eccentric layers; so, a faster 
. layer slides over an adjacent, more slowly moving layer 
of fluid. This process is called shearing. The velocity 
gradient over the fluid, i.e., the difference in velocity in 
relation to the distance between layers, is the shear rate. 
The force necessary to make a laver sliding over an ad- 
. . jacent one at a given shear rate is only dependent on 
» material property of the fluid, called its dynamic viscos- 
“ity coefficient or its viscosity. In ideal, so-called Newto- 
nian, fluids the viscosity is independent of the flow con- 
ditions and thus independent of the shear rate. However, 
owing to its high content of red cells, blood is a non- 
Newtonian fluid, and hence its viscosity is dependent on 
the prevailing shear rate. At high shear rates, the con- 
tribution of red cells to blood viscosity is relatively low, 
because they have only a slight tendency to form aggre- 
gates. However, under low shear conditions the red cells 
are predisposed to aggregate and this causes a dramat- 
| c increase in viscosity. Thus, it is not possible to define 
-the viscosity of blood, but only to measure it at a given 
. Shear rate or range of different shear rates. In vivo, high 


ear rates (2 200 s-t) prevail in arteries and large veins, 



































































whereas low shear rates (20 to 50 s!) are encountere 
in small venules.! In AMI, the shear rate in coronary 
vessels distal to the occlusive thrombus may be.extreme- 
ly low, x20 s!.! By convention, blood viscosity is 
reported at a low and a high shear rate.'* Accordingly, 
we have chosen to measure blood viscosity at 1.3 and ` 
128.5 s^, respectively. Because the hematocrit is one of 
the major determinants of blood viscosity, we calculat- 
ed the standardized viscosity in addition to the native 
viscosity; the standardized viscosity is corrected for and 
DEUS no longer dependent on the actual hemato- 
cnt =. 
Our results confirm that thrombolytic therapy with a 
drug that causes a profound systemic lytic state signif- 
icantly reduces the viscosity of blood and plasma. The 
decrease in standardized blood viscosity found here — 
28% (low shear) and 5% (high shear) — is compara- 
ble to the values found by Arntz et al,® who described 
a 16 and 996 decrease, respectively, after the same dose 
of anistreplase, but at slightly different shear rates, 
namely 5.75 and 115 s'. The 12% reduction in plasma 
viscosity found by us (Figure 2) is very close to their 
finding of a 1596 decrease.? These values are equivalent 
to the reduction in plasma viscosity by 7 to 19%, 
described after high-dose streptokinase,^- 95.9 and are 2 
to 3 times higher than those after treatment with tissue- 
plasminogen activator. This is not surprising when 
considering the limited systemic fibrinogenolysis by tis- 
sue-plasminogen activator compared with streptoki- 
nase and anistreplase. The latter caused an extensive 
depletion of plasma fibrinogen in the present study (Fig- 
ure 3). 
The high correlation between plasma viscosity and 
fibrinogen corroborates the importance of this protein as 
a determinant of the viscous properties of plasma." 
However, this correlation was challenged by 2 factors: 
We performed the regression analysis on pooled data 
(which ignores the interdependence of observations. 
from a single patient and could lead to overestimation. 
of a correlation), whereas the sometimes undetecta 
fibrinogen values prohibited estimating the exact cont z 
bution of fibrinogen to the variance in viscosity (a po- 
tential source of underestimation). a 
Furthermore, the contribution of fibrinogen degras 
dation products to plasma and blood viscosity was not. 
significant, even at the very high concentrations prevail 
ing during the early phase after anistreplase. This is dis 
tinct from the findings by Rampling et al^ who in an. 
in vitro study on the rheologic effects of fibrinogen and — 
its degradation products, found that all degradation - 
products caused measurable effects on viscosity, al- 
though significantly less than intact fibrinogen. Even the 
small, late fragments still had viscometric effects.? — — 
However, in their experiments aqueous solutions were = 
used to create red cell suspensions, whereas we used 
plasma. It is conceivable that effects of fibrinogen deg- 
radation products could not be distinguished from the — 
effects of other plasma proteins on the plasma viscosi- —. 
ty. Although fibrinogen fragments may have certain 
effects on the viscosity of plasma and blood, our data 
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uggest tha h se effects are probably not large enough 


to make a relevant contribution to in vivo blood rheol- 





<o The discordant changes in native and standardized 
. blood viscosity indicate that the decrease in hematocrit 
- observed during the treatment plays an important role in 
^. the improvement cf blood rheology. This was further 
accentuated by the regression analysis, which showed 
that the contribution of the hematocrit to blood viscosi- 
ty was 4 to 7 times greater than that of fibrinogen (again, 
the influence of fibrinogen has possibly been underrated, 
as previously indicated). Because a thrombolytic agent 
. itself is unlikely to cause a decrease in hematocrit, the 
hemodilution noticed must be explained by other factors 
such as fluid balance, medication and infusion policy. 


i _ From earlier studies it is known that a decrease in hema- 
.. tocrit is frequently seen after AMI, even without throm- 


bolytic treatment.!^ Moreover, it has previously been 
Shown that contrast agents used in coronary angiogra- 
phy caused hemodilution because of their osmotic effect. !6 
In the present study, repeated angiographies were per- 
formed, and therefore the hemodilution induced in the 
early phase may have been even larger than that during 
standard thrombolytic treatment. 

Extrapolating our results may mean that the im- 
provement of hemorrheology during thrombolytic treat- 
ment is only partially the consequence of the fibrin se- 
lectivity of the thrombolytic agent administered. Some 
support for this inference, although partial and indirect, 
is provided by a recent study of Bassand et al. They 
found no significant differences in left ventricular ejec- 
tion fraction, regional wall motion, infarct size and in- 
hospital mortality between anistreplase and tissue-plas- 
minogen activator, despite large differences in fibrinogen 
breakdown. Had the degree of systemic fibrinogenolysis 
(and thus blood viscosity) had important effects on these 
cardiac parameters. perceptible differences might have 
been found in this trial using 2 drugs with dissimilar 
effects on fibrinogen. In the present study, no correlation 
was found between the reduction in viscosity and car- 
diac output, but the number of observations may have 
been too low for detecting such a relation. 
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sion after acute myocardial infarction has little 
effect on the SAECG, and a normal SAECG in pa- 
tients with a totally occluded artery after infarc- 
tion may signify the presence of viable myocar- 
dium. 

(Am J Cardiol 1993;71:19-23) 


rombolytic therapy administered within the first 
4 to 6 hours of myocardial infarction decreases the 


incidence of late potentials on a signal-averaged 


electrocardiogram (SAECO). -4 This benefit was ob- 


served only in patients in whom thrombolysis A 
cessfully restored patency of the infarct-related artery? 

and may reflect a decreased probability for developing 
ventricular arrhythmias. It has been suggested that reper- 
fusion >6 hours after myocardial infarction may also 
reduce mortality.5? Furthermore, an open infarct-related 
artery after acute myocardial infarction, even in the 
absence of early reperfusion, has been associated with 
reduced mortality.!0!! A possible benefit of late reper- 
fusion and an open infarct-related artery may be a ben- 
eficial effect on the electrophysiologic properties of the 
infarcted myocardium, resulting in a decreased tenden- 


cy for ventricular arrhythmias. Based on the relation _ 


between serious ventricular arrhythmias and abnormali- - 
ties of the SAECG,"-^ one might expect a benefit of 
late reperfusion on serious ventricular arrhythmias to be 
reflected in an improvement in the SAECG.* Accord- - 
ingly, we hypothesized that patients who undergo suc- 
cessful late reperfusion, defined as »24 hours after acute 
myocardial infarction, will have less late potentials and 
improved parameters on the SAECG compared with 
those with a persistently occluded artery. In addition, 
because both late potentials and a failure to improve 
function despite successful reperfusion might indicate 
nonviable myocardium i in the infarct zone, we hypothe- 
sized that patients with late potentials would have less 
improvement in regional wall motion in the infarct zone 
than patients without late potentials. To test these 
hypotheses we performed a study using coronary angio- 
plasty >24 hours after the onset of acute infarction to 
achieve reperfusion in patients with a totally occluded 
infarct-related artery. 


METHODS 

The study protocol was approved by the Human In- 
vestigations Committee of the University of Virginia and 
all patients gave informed consent. Forty-one consec- 
utive patients (mean age of 56 + 9 years) were enrolled. 
Patients were included if they underwent angioplasty of 
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| TABLE Patient Chara 















No. of patients Al 
Location of acute myecardial infarction 
Anterior 12 (29%) 
Inferior 27 (66%) 
Lateral 2 (5%) 
Failed thrombolysis 13 (32%) 
Prior myocardial infarction 9 (22%) 
Ejection fraction 0.53 + 0.12 








a totally occluded infarct-related artery >24 hours and 
«33 days (mean 12 + 8 days) after acute myocardial 
infarction. We excluded patients with a paced rhythm or 
bundle branch block. Only 1 patient was taking antiar- 
rhythmic medication. 

Study protocol: Before and | month after attempt- 
ed angioplasty, 2-dimensional echocardiography, thalli- 
um-201 imaging signal-averaged electrocardiogra- 
phy were performed. 

Echocardiography: Two-dimensional echocardiogra- 
phy was performed using 4 standard views. Echocardio- 
grams were interpreted by 2 observers unaware of the 
clinical data and the results of angioplasty. Interobserver 
variability in our laboratory is good and has been pre- 
viously reported. The infarct zone was identified as 
that region correspending to the infarct-related artery 
showing abnormal wall motion; this zone was graded as 
showing normal function, mild hypokinesia, severe hy- 
pokinesia, akinesia or dyskinesia, and graded 1 through 
5, respectively. Studies obtained before and 1 month af- 
ter angioplasty were compared and improvement in re- 
gional function was defined as improvement of wall mo- 
tion in the infarct zone by at least 1 grade. 

Thallium-201 imaging: Thallium-201 imaging was 
obtained before angioplasty and at 1 month after at- 
tempted angioplasty. For both studies, planar images 
were obtained immediately and 2 hours after the injec- 
tion of 2.0 mCi of thallium-201 in the anterior, 45° and 
70° left anterior oblique projections using a computer- 
assisted approach described previously.'® An Il-segment 
model was constructed from the 3 views and activity in 
each segment was expressed as percentage of activity in 
the 9 9 pixel region with maximal activity in that view. 
The infarct segments were identified as those demon- 
Strating hypoperfusion in the infarct vessel territory on 
the initial images. The mean thallium-201 activity with- 
in the infarct zone was calculated by averaging activity 
within the infarct bed from all views in the delayed 
images. Delayed images before and 1 month after angio- 
plasty were compared for changes in thallium-201 activ- 
ity within the infarct bed. Increase in activity by 25% 
was considered to represent improvement in thallium- 
201 uptake. 

ignaFaveraged electrocardiography: SAECGs 
were obtained using either the LP-3000 Late Potential 
Detector (Fidelity Medical Inc., Florham Park, New Jer- 
sey) or the Predictor Signal-Averaging Electrocardio- 
gram System version 5.0 (Corazonix Corporation, Okla- 
homa City, Oklahoma). An orthogonal X, Y, Z lead Sys- 
tem was used and signals from these leads were com- 
bined into a vector magnitude = (x2 + y2 + z2)!/. 
Using a time-domaim mode with 40 Hz bidirectional fil- 
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‘of the filtered QRS and the terminal signal. 


anterograde flow, and if there was no clinical evidence 
of reclosure (such as retum of angina or reinfarction) 
before 1-month follow-up. All patients with clinically 
suspected reclosure or restenosis underwent coronary 
angiography. A patient was considered to have unsuc- 
cessful reperfusion if the total occlusion was not 
successfully crossed and dilated or, if initially success- 
ful, subsequent reclosure was documented by coronary 
angiography before 1-month follow-up. 

Statistical analysis: All data were expressed as 
mean t 1 SD. Data before and 1-month after angioplasty 
were compared using paired Student's ¢ test or a 2-tailed 
Fisher's exact test when appropriate. A p value «0.05 
was considered significant. 


RESULTS 

Clinical characteristics: The clinical characteristics 
of the 41 patients are listed in Table I. Approximately 
one-third of the infarctions were anterior and two-thirds 
inferior. Thrombolytic therapy had been administered in 
32%. However, all had an occluded infarct-related artery 
at the time of diagnostic catheterization. The remaining 
patients either had contraindications to lytic therapy or 
presented too late for lytic therapy based on current cri- 
teria. Mean global ejection fraction was 5396 and only 
22% had an old myocardial infarction. Reperfusion was 
considered successful in 32 patients (78%) and was 
unsuccessful in 9 (2296). Of these latter 9 patients, 2 had 
angiographically confirmed reclosure after an initially 
successful procedure while in 7, the initial angioplasty 
was not successful. Clinical characteristics were similar 
for those with and without successful reperfusion. 

Signal-averaged electrocardiogram: Figure | de- 
picts the percentage of patients with late potentials at 
baseline and at 1-month follow-up. Among patients with 
successful reperfusion, 13 of 32 (4196) at baseline and 
13 of 32 (41%) at follow-up had late potentials. Among 
the 9 patients with a persistently closed infarct-related 
artery, 6 (67%) had late potentials at baseline, whereas 
5 (5696) had them 1-month later. In addition to the lack 
of effect on the overall incidence of late potentials in the 
2 groups, late reperfusion did not significantly affect the 
SAECG in individual patients (Figure 2). Among pa- 
tients with successful reperfusion, 3 had a change in the 
SAECOG from abnormal to normal, 3 had a change from 
normal to abnormal, and in 26 there was no change 
(Figure 2A). In the 9 patients with unsuccessful reper- 
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“fusion, 1 had a change from abnormal to TOR and 8 
"had no change (Figure 2B). e ra = 
The effect of late reperfusion o 





on We ‘Gaividual 
 SAECG parameters is shown in Figure 3. Among pa- 
tients with successful reperfusion, the mean QRS dura- 
tion and terminal signal duration «40 p, V did not signif- 
icantly change at 1 month (QRS, 101 + 12 ms before to 
100 + 11 ms after; terminal signal duration «40 pV, 35 
+ 13 ms before to 34 + 11 ms after). The average root- 
mean-square voltage improved at 1 month in the group 

- of patients with successful late reperfusion (31 t 25 pV 
before to 38 + 29 pV after; p = 0.004). Patients with 
- unsuccessful late reperfusion had no significant change 
.in any of the 3 measured parameters (QRS, 115 + 19 ms 
before. to 120 + 26 ms after; root-mean-square voltage, 
22 uV before to 22 + 16 pV after; terminal sig- 

ration «40 pV, 53 + 21 ms before to 50 + 33 ms 












m Although there was no significant difference in the 
Sioidence of late potentials in paurs with successful 


T and the nd signal duration <40 uV v were more 
abnormal at baseline before angioplasty among patients 
- with subsequent unsuccessful reperfusion than in those 
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: "mhallium-201: Thallium uptake in the infarction zone 
P: improved i in 6296 of patients with successful reperfusion 
and in only 13% of those with unsuccessful reperfusion. 
_ When patients whose baseline thallium showed a «2096 
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mount 1.7 The effect of late reperfu- 


7 ICA) ‘soled baro) and at 
.. 4-«month follow-up (F/U) (stippled 
xu bars) i in both the group of patients 
with successful (n = 32) and the 
group with unsuccessful (n = 9) 
reperfusion. 
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steak are added to db group "whose thallium uptake 


improved, the percentage of patients with either — 


improved or essentially normal thallium scans at follow- 
up was 76% of those with successful reperfusion and 
remained at 13% of those with unsuccessful reperfusion. 
The prevalence of late potentials in patients whose thal- 
lium improved was the same at baseline and at 1 month 
(44 vs S096, p = NS). In addition, in the subgroup of 
patients with MICE reperfusion and an improvement 
in thallium uptake at 1 month, the individual SAECG 
parameters did not change from baseline to follow-up 
(QRS, 102 + 16 ms before to 99 + 13 ms after; root- 
mean-square voltage, 36 + 31 pV before to 43 t 35 eV 
after; terminal signal duration <40 pV, 36 + 17 ms 
before to 35 + 14 ms after, all p = NS). 

Wall motion: For the entire group of patients with 
successful erae the wall motion score improved 
from 3.1 + 1.0 to 1.9 + 1.0 (p = 0.0001), whereas no 
improvement occurred in those with unsuccessful reper- 
fusion (3.3 + 07 to 3.6 € 0.9, p = NS). Among patients 
with successful reperfusion, those with late potentials at 
baseline had less improvement in wall motion score than 
did those without late potentials (change in wall motion 
score 0.6 + 0.8 vs L5 + 0.9, p = 0.009). Among the 10 
patients with successful reperfusion who had no 
improvement in wall motion, 7 (7096) had late poten- 
tials at baseline and 7 (7096) had late potentials at fol- 
low-up. Among 22 patients with successful reperfusion 
who had improved wall motion by at least 1 grade, 6 
(27%) had late potentials at baseline and 6 (27%) had 
late potentials at follow-up. Thus, persistent myocardial 
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ated by improved wall motion after 
sful reperfusion was associated with fewer late 
entials at baseline before reperfusion but not with a 
further decrease in the prevalence of late potentials after 
successful reperfusion. | 


DISCUSSION 
The present results demonstrate that reperfusion >24 
hours after myocardial infarction did not alter the preva- 
lence of late potentials on the SAECG. These results 
Suggest that late reperfusion is not associated with a 
decrease in arrhythmia risk, or alternatively, any change 
. in arrhythmia risk is not reflected by changes in the 
. SAECG. After successful reperfusion, patients without 
late potentials improved regional function to a greater 
extent than did those with late potentials. Thus, the 
_ absence of late potentials appears to be associated with 
persistent myocardial viability. 
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clear mortality benefit from reperfusion accomplished 
within 6 hours of the onset of acute myocardial infarc- - 
tion, the benefit of later reperfusion is uncertain. Sever- 
al lines of evidence suggest that late reperfusion pro- 
vides a survival advantage. Thrombolytic therapy as late 
as 24 hours after the onset of acute infarction may im- 
prove survival.®!7 In addition, it appears that patency of 
the infarct-related artery even in the absence of early 
reperfusion is associated with a lower mortality than a 
persistently occluded artery.!9.!1.15 These results suggest 
that late reperfusion (224 hours after symptom onset) 
may improve survival. Because late reperfusion does 
not result in myocardial salvage, any mortality benefit 
would necessarily be due to other effects. Several bene- 
fits of late reperfusion have been proposed including im- 
proved ventricular function,!? limitation of infarct ex- 
pansion,? improved healing of the infarct zone?! and 
perhaps an improvement in the electrophysiologic sub- 
strate of the myocardium.?.192? 

Early reperfusion decreases late potentials on the 
SAECG.'* It has been suggested that this reflects 
a decrease in susceptibility to ventricular arrhyth- 
mias'?-!423-26 and may at least partly explain the 
survival advantage conferred by early reperfusion. Simi- 
larly, a survival advantage of late reperfusion may be 
partly due to a decrease in susceptibility to serious ven- 
tricular arrhythmias, which might be reflected in less 
abnormalities on the SAECG. In contrast to this expec- 
tation, our data demonstrate that late reperfusion a mean 
of 12 days after infarction had no consistent effect on 
the SAECG even among patients in whom late reperfu- 
sion caused an improvement in regional ven- 
tricular function. The improvement in the root-mean- 
square voltage we observed could be explained as sim- 
ply the natural history of the SAECG.2-? Whether or 
not the small change was due to reperfusion, it is unlike- 
ly that it has any clinical significance. 

Relation between myocardial viability and late 
potentials: Patients with successful reperfusion and 
without late potentials improved wall motion more than 
those with late potentials. This suggests that one of the 
determinants of late potentials after acute myocardial 
infarction is the absence of viable myocardium in the 
infarction zone. Thus, a normal SAECG may be a mark- 
er of viability within the infarct zone. 

Patients with subsequent unsuccessful reperfusion 
had a more abnormal QRS and terminal signal duration 
«40 uV at baseline than did those with successful re- 
perfusion, consistent with the hypothesis that those with 
unsuccessful reperfusion had less viable tissue in the in- 
farct zone than did those with successful reperfusion. 
One could speculate that a more complete infarction 
would be associated with both an abnormal SAECG and 
extensive microvascular disruption. In such patients, bal- 
loon dilation may not restore adequate flow and main- 
tain vessel patency. Our data are consistent with this 
concept because in the 9 patients with unsuccessful an- 
gioplasty, 7 had the occlusion successfully crossed with — 
a guidewire and balloon, but despite repeated inflations, 
adequate flow and persistent vessel patency were not 
achieved; in the other 2, an initially successful angio- 











. plasty was followed by subsequent reclosure confirmed 
by angiography. 

Study limitations: Although most of the patients 
with successful reperfusion had improved thallium up- 
take in the infarct zone at 1 month (suggesting contin- 
ued patency) and none had any symptoms or clinical 
events to suggest reclosure, we cannot be sure as to the 
continued patency of the infarct-related artery at | 
month in all patients because repeat angiography was 
not performed unless patients had a clinical event. How- 

. ever, the subgroup with successful reperfusion and im- 
proved thallium uptake at 1 month also had no change 
on the SAECG. This group almost certainly had persis- 
tent patency of the infarct-related artery. Another 
li n may be in the time of recording of the ini- 
\ECG. Because of evolutionary changes in the 
 .SAECG after myocardial infarction??? measurements 
T ‘performed at a different time might have given some- 
what different results. Our study examined reperfusion 
very late after infarction. A study that focused on pa- 
tients undergoing reperfusion 6 to 24 hours after infarc- 

. tion could yield different results. Finally, this study in- 
volves a relatively small number of patients. However, 
itis doubtful that enrolling a larger number of patients 
ae would substantially alter our chief findings since no con- 
incing trend toward a favorable effect of reperfusion 

8 d  discemible. 
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. The incidence of ventricular arrhythmias in reha- 
 bilitated post-myocardial infarction (MI) patients 
with left ventricular dysfunction included in a long- 
term rehabilitation program was assessed and 
. compared with that in similar patients who were 
. not in such a program. Thirty-eight post-MI 
patients (2 to 19 years after the acute event) with 
ejection fraction <40% were investigated by 48- 
hour Holter monitoring. They were divided into the 
following 3 groups: group I, 11 patients who um 
derwent arm training for 60 months; group Il, 11 
patients who underwent calisthenics for 36 
months; and group Ill, 16 patients who were not in 
was 61 + 7, 61 = 6 and 61 + 9 years, re- 
spectively, (p = ; mot significant). Ejection fraction 
at rest was 31 + 9 for group I, 29 + 7 for group 
ll, and 29 + 7 for group ili (p = not significant). 
There were no significant differences conceming 
the location of Mi, and antiarrhythmic treatment 
received by patients from all groups. At the con- 
clusion of 48-hour Holter monitoring, 2 blood sam- 
ples were obtained for assessment of norepi- 
nephrine (at rest and after postural change). Qual- 
mn Md re Bored 
ior e, including questions conceming 

social activity, lite satisfaction and sexual func- 
tion. After 36 and 60 months, an improvement in 
hemodynamic condition of patients in group | was 
noted. Quality of life was higher in the rehabilitat- 
ed patients, with enhanced emotional stability, 
satisfaction with work and social life, and a high 
percentage of return to work (82 vs 40%). The 
lowest levels of norepinephrine were found in 
group | and the highest in group ill (p <0.02), 
whereas they were within normal limits in group 
fl. Isolated v cular premature beats (>60/hour) 
were found in 1 ( 10%), 2 (18%) and 9 (56%) 
patients (p <0.05), and complex ventricular 
arrhythmias in 4 (33%), 3 (27%) and 12 (77%) 
patients (p <0.05) in groups I, Il and Ill, respec- 
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tively. Nonsustained ventricular tachycardia was 
recorded in 2 patients (17%) from group I with 4 
episodes, 2 patients (17%) from group Il with 7 
episodes, and 6 patients (37%) from group Ill with 
24 episodes (p «0.03); 3 of the latter patients had 
complex ventricular amhythmias also. It appears 
that a €— comprehensive rehabilitation pro- 
gram d n c ac ivi | 

hythmog ff ih petisse nd totu 
sequently, the incidence of ventricular amhyth- 
mias. (Am J Cardiol 1993;71:24-27) 





e effects of physical rehabilitation on patients 
with coronary artery disease and good left ven- 
tricular function has been thoroughly investigated. '- 


Few data are available concerning post-myocardial infarc- 
tion (MI) patients with impaired left ventricular function 
in long-term rehabilitation programs.^-!? The aim of this 
retrospective study was to assess the incidence of ven- 
tricular arrhythmias in post-MI patients with left ven- 
tricular dysfunction in a long-term rehabilitation pro- 
gram and compare them with similar patients not in such 
à program. 


METHODS 

Forty-one post-MI patients (2 to 19 years after the 
acute event) with an ejection fraction <40% were in- 
Cluded in the study. Patients with overt congestive heart 
failure, unstable angina, chronothropic incompetence, 
low-output syndrome, diastolic blood pressure >116 mm 
Hg, dissecting aortic aneurysm, recent systemic or pul- 
monary embolism, and active or recent thrombophlebitis 
were excluded from the study. 

Patients were divided into the following 3 groups: 
group Í, 11 patients who underwent arm training for 60 
months; group II, 1H patients who underwent calisthen- 
ics for 36 months; and group III, 16 patients who were 
not in any rehabilitation program. Group I was the ini- 
tial group of 1! post-MI patients with an ejection frac- 
tion «4046 accepted for rehabilitation in 1984. Group H 
comprised post-MI patients accepted 24 months after the 
initial group. Group III comprised 16 consecutive post- 
MI patients examined in our outpatient clinic who ful- 
hlled the aforementioned criteria for inclusion in the 
study, but were not referred for rehabilitation. All pa- 
tients were in New York Heart Association functional 
class II or HI without signs of overt congestive heart fail- 
ure. The age of patients was 61 + 7 years for group I, 








TABLE ! Ventricular Arrhythmias Recorded i in the Three d Cross of Patients at the ne Beginning | 


of the Study (A) and 24 Months Later (B) 


Group I (n) Group Il (n) m itl (m 
A B B A B p Value 
isolated VPBs (> 60/hr) 1(1095) 1(10%) 2(18%) 2(18%) 9(56%) 8(50%) «0,05 
Complex VA 5 (45%) 4(33%) 4(33%) 3(27%) 13(81%) 12{74%) «0.05 
Nonsustained VT 3 (27%) 2(179) 3(27%) 2(17%) 7 (43%)* 6(37%)t «0.03 
No. of episodes 6 4 7 25 24 


*Four patients had complex ventricular arrhythmias also; 13 patients had complex ventricular arrhythmias also. | 


VA = ventricular arrhythmia; VPBs = ventricular r premature beats: VT = ventricular tachycardia, 


..el + 6 for group IL, and 61 + 9 for group IH (p = not 
` significant [NS]). Ejection fraction at rest was 31 + 9 for 
group. I, 29 + 6 for group H, and 29 + 7 for group M 
-(p = NS) There were no significant differences con- 

cerning the location of MI, diabetes mellitus, hyperten- 
.sion and antiarrhythmic treatment received by the 3 

groups of patients. Power work capacity was com- 
| parable at the beginning of the study in the 3 groups of 
nts (71 + 24, 71 + 21 and 68 + 23 in groups I, I 
id III, respectively; p = NS), as well as the rate pres- 
2 product (22,485, 19,492 and 21,880, respectively; p 























tients underwent a physical examination, rou- 
; od tests, chest x-ray, 12-lead electrocardiography, 
E. symptom-limited exercise testing, exercise radionuclide 
d ventriculography using technetium-99m, echo-Doppler, 
- and 2 consecutive periods of 24-hour Holter monitoring. 
In addition, patients from group I also underwent car- 
.. diopulmonary testing. All patients underwent identical 
xaminations at least once each year. 
he arm training program consisted of arm ergome- 
è EN ms an exercise — of 30 min- 














: “Aiter A months, 48-hour Holter monitoring was re- 
' ^peated in all patients from the 3 groups. At the end of 
the 48 hours of recording, blood was obtained for nore- 
pinephrine assessment with the patient at rest (supine) 
for 30 minutes and after postural change for another 5 
omnes. 

- -Norepinephrine was assessed by high-pressure liquid 
chromatography, using Bonpack C18 reverse-phase col- 
umn and waters 460 electrochemical detector.!! The re- 
sults were expressed in pg/ml/plasma. 

To assess quality of life, we used a questionnaire, 
including Wenger’s'*!3 parameters, Karnowsky and 
Burchenal’s'* Performance Status Scale to measure 
physical condition and work capacity, and the Hospital 
Anxiety and Depression Scale'? to measure emotional 
and psychological status. Questions concerning social 
activity and leisure time, life satisfaction, sexual func- 
tion and self assessment were added to the initial ques- 
tionnaire. For statistical analysis, we used the chi-square 

. to assess the significance of differences in noncontinuous 

< variables, and Student's ¢ test to evaluate differences 

-= between paired mean values. Group data are reported as 





mean + 1 SD, and the required level of significance was 
accepted at p «0.05.!6 


RESULTS 

After 36 and 60 months of arm training, power work 
capacity increased from 71 + 21% to 78 + 24%, and rate 
pressure product/100 from 168 + 31 to 204 + 51. Ejec- 
tion fraction increased from 31 + 8 to 34 + 6 (p = NS) 
in group I and remained almost unchanged in groups II 
and HI. 

Reduction in active drug treatment was noted in 31, 
26.6 and 1396 of patients in groups 1, II and III, respec- 
tively. Eight patients from group 1 who had angina pec- 
toris at the onset of the training program were free of 
anginal pain at the conclusion of the program. A de- 
crease in symptomatic treatment was also noted in 46, 
44 and 13% of patients in groups I, H and HI, respec- 
tively. 

No fatality of any cause was observed during follow- 
up in the 3 groups of patients. 

Quality of life: Thirty-three percent of patients in 
group IIl expressed fear and anxiety regarding their 
health in comparison with 13% in group II and 0% in 
group I. Satisfaction with work activity was reported i in 
73% of group II, 4696 of group I and only 13% in group 
Ill. Fifty-three percent of patients in groups I and II were 
satisfied with their social life compared with 37% in 
group HI. Physical activity, in addition to the reha- 
bilitation program, was performed by 85, 73 and 53% 
of patients in groups L I| and M, respectively. A 
decrease in sexual function was reported in 73% of 
patients in group UI; it was unchanged in 56% of group 
I and in 53% of group II. Eighty-two percent of patients 
in groups I and II returned to work; 64% of these were 
able to work full time compared with only 40% of those 
in group i (2096 to part-time work). 

ine: The lowest levels of norepi- 
nephrine (227 + 79 and 295 + 54 pg/ml/plasma at rest 
and after provocation, ee) were found in BP 
I and the highest levels (373 + 132 and 620 + 233 
pg/ml/plasma, respectively; p «0.02) in group III, where- 
as in group II they were within normal limits (100 to 
500 pg/ml/plasma) (270 + 72 and 486 + 265 pg/ml/plas- 
ma, respectively). 

Ventricular arrhythmias recorded by 48-hour Holter 
monitoring (Lown and Wolf!’ classification) in the 3. 
groups of patients at the beginning of the study and 24 


months later are detailed in Table I ‘Complex ventricu- E 
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onary artery disease. 
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dar arrhythmias were defined as grade IVa or b arrhyth- 


. mias, Nonsustained ventricular tachycardia was defined 


as 23 consecutive ventricular beats, with a heart rate 
>120 beats/min lasting «30 seconds. 

The incidence of isolated ventricular premature beats 
and complex ventricular arrhythmias was less in groups 
I and II than in HI (p «0.05). The frequency of episodes 
of nonsustained ventricular tachycardia was also much 
less in groups I and H (p «0.03). After an additional 24 
months of training, the incidence of ventricular arrhyth- 
mias was even less in groups I and Il, but remained 
almost unchanged in group III. The differences did not 
reach statistical significance. 


DISCUSSION 

In this study, isolated ventricular premature beats, 
complex ventricular arrhythmias and nonsustained ven- 
tricular tachycardia occurred most frequently in nonre- 
habilitated post-MI patients (group HI), less frequently 
in those undergoing calisthenics (group ID), and least 
often in those undergoing arm training (group I). In the 
latter. group, an improvement in several parameters 
(power work capacity, rate pressure product and oxygen 
consumption) may reflect an amelioration of the hemo- 
dynamic conditiom of the patients. Eight patients in 
group I who had angina pectoris on admission to the 
study were free of angina at its conclusion. The con- 
sumption of drugs in general and of nitrates in particu- 
lar were also reduced in the rehabilitated patients. 

Quality of life was markedly improved in groups I 
and II. The rehabilitation program conferred to the pa- 
tients confidence in their physical and psychological ca- 
pacities, satisfaction with work and social life, and self- 
assurance. The data are in concordance with results ob- 
tained by Kellermann et al!5 in 55 post-MI patients fol- 
lowed in a 12-month rehabilitation program and with 
those reported by Dracup et al!® who found that after 6 
months of rehabilitation, 41 post-MI or post-coronary 
artery bypass graft patients were significantly less anx- 
ious and depressed, and had a better psychosocial ad- 
justment. 

In this study, norepinephrine levels were lowest in 
group I and highest in group III. Provocation of the sym- 
pathetic nervous system induced by postural change 
resulted in a 1.6-fold increase in norepinephrine in group 
HI in contrast, almost no increase occurred in group | 
and II. The results may reflect the higher emotional sta- 
bility of patients in group I. 

Cooksey et al^ reported a decrease in plasma cate- 
cholamines at a given level of treadmill exercise after 3 
months of training in 10 patients with ischemic heart dis- 
ease. They suggested that there is a decreased sym- 
pathetic activity and catecholamine ‘‘sensitivity’’ in re- 
habilitated subjects. 

Ehsani et aP! found that after 12 months of intense 
exercise training, plasma catecholamines increased less 
at the same submaximal work rate in patients with cor- 











La Rovere et al’? showed that physical training in- 
creases baroreflex sensitivity and decreases adrenergic 
input to the heart. 
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Podrid et al? showed that activation of the sympa- 
thetic nervous system is an important factor in the de- 
velopment of ventricular arrhythmias in patients with 
impaired ventricular function. Lown and Verrier?425 also 
emphasized the high correlation between neuroadrener- 
gic activity and the appearance of life-threatening ven- 
tricular arrhythmias and sudden cardiac death. 

In a recent report by Meredith et al! of 12 post-MI 
patients with left ventricular dysfunction who had sus- 
tained life-threatening ventricular arrhythmias outside 
the hospital 4 to 48 days before the study, it was found 
that total norepinephrine spillover into the circulation 
was 80% higher than that in a group of coronary artery 
disease patients without ventricular arrythmias, or in 
patients with chest pain and normal coronary arteries, or 
in healthy subjects. 

The experimental studies of Verrier and Dickerson2’ 
showed that the behavioral response to anger and fear 
is characterized by consistent increases in heart rate, 
mean arterial blood pressure and plasma catecholamines 
levels, and a significant reduction in the repetitive 
extrasystolic threshold. 

From our study, it appears that long-term exercise 
programs improve not only the hemodynamic and meta- 
bolic condition of patients, but also their emotional sta- 
bility. The decreased levels of norepinephrine at rest and 
after provocation found in group I patients may reflect 
their positive psychological status, including a high sat- 
isfaction with social life and work, and a high reinte- 
gration into community life. These reduced levels of 
norepinephrine that showed no significant increase even 
after physiologic provocation may be due to decreases 
in neuroadrenergic activity and thus, the arrhythmogenic 
effect of catecholamines. The decreased incidence of 
complex ventricular arrhythmias and nonsustained ven- 
tricular tachycardia found in groups I and Il after an 
additional 2 years of training may be more a result of 
emotional stability and improvement in psychosocial sta- 
tus than of improvements in hemodynamic and met- 
abolic conditions. 

Study limitations: The small number of patients, 
and the absence of randomization prevent any definitive 
conclusions concerning the effect of long-term rehabili- 
tation programs in decreasing the incidence of ventricu- 
lar arrhythmias in post-MI patients. Further studies are 
warranted to reach firm conclusions regarding the im- 
portance of exercise therapy in patients with impaired 
ventricular function and significant ventricular ectopy. 

From the data, it appears that long-term rehabilita- 
tion programs may decrease neuroadrenergic activity, 
the arrythmogenic effect of catecholamines and conse- 
quently, the incidence of ventricular arrhythmias. 
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Coronary Artery Disease 


David D. McPherson, MD, Maryl R. Johnson, MD, steven M. Collins, PhD, 
Robert A. Kieso, MS," Melvin L. Marcus, MD, * and Richard E. Kerber, MD 





. |n coronary atherosclerosis, the arterial lumen 


. size and shape can be markedly irregular, eccen- 


o tric and variable. Traditional angiographic inter- 
)hasizing percent diameter stenosis, 

| has been criticized as an inadequate descriptor 
. of such diseased arteries. Computerized quantita- 





- . tive angiographic technologies, yielding a true 


lumen area measurement, may be superior. High- 

j frequency epicardial echocardiography (HFEE) is a 
technique that allows omine evaluation of coro- 
nary arterial wall and lumen at the time of car- 
diac surgery. It has been extensively validated 
and yields accurate measurements of normal and 
diseased coronary lumen areas. This study com- 
pares quantitative coronary angiography (QCA) 
estimates of lumen area to those obtained by 
HFEE to determine if the computerized angio- 
graphic method more accurately predicts residual 
luminal area than traditional angiographic percent 
diameter stenosis measurements. Although actu- 
al luminal r gy was quite variable, there 
was a good correlation between lumen areas 
determined by HFEE versus QCA: r = 0.85,n = 
67, HFEE = 0.8 QCA - 0.1 (HFEE 4.0 + 0.30 mm’, 
mean + SEM range 0.3 to 14.0; QCA 5.1 + 0.40 
mm, range 0.7 to 11.8). Percent diameter steno- 
sis determined from the angiograms did not cor- 
relate well with HFEE or QCA measurements of 
residual luminal area. Separation of “normal” 
arterial segments (defined as <25% diameter 
stenosis) from "abnormal" segments (>50% diam- 
eter stenosis) by angiography did not agree with 
lumen areas as defined by either HFEE or QCA. 
Better separation occured when QCA-determined 
luminal areas were used to separate normal from 
abnormal arterial segments. 
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These data demonstrate that QCA accurately 
predicts residual luminal areas and indicate the 
inadequacy of traditional angiographic percent di- 
ameter stenosis measurements as an adequate 
descriptor of the presence and severity of coro- 
nary artery disease. 

(Am J Cardiol 1993;71:28-32) 


coronary atherosclerotic lesions is to determine 

percent luminal diameter narrowing (percent ste- 
nosis) from coronary angiograms. Percent stenosis relies 
on 2 incorrect assumptions: first, that the compared ad- 
jacent coronary artery is free of atherosclerotic disease; 
and second, the residual lumen is circular in shape so 
that a 1-dimensional amal diameter can represent the 
cross-sectional area.! We and others?+ have, in fact, 
demonstrated that percent stenosis from angiography is 
a poor predictor of the extent of atherosclerotic coronary 
disease. Atherosclerosis alters residual lumen mor- 
phology causing residual lumen shapes from circular to 
oval to complex, limiting traditional percent stenosis for 
determining the importance of coronary lesions.>~7 

High-frequency epicardial echocardiography (HF- 
EE) is a new technique that can measure coronary lu- 
men area directly at cardiac surgery. It has been well 
validated? and compares well with videodensitrometric 
estimates of coronary stenosis.? 

Quantitative coronary angiography (QCA) is a com- 
puterized angiographic technique which may more ac- 
curately identify residual luminal area.!9.!! It also has 
been well validated with histologic measurements ex 
vivo and angiography but has not been compared with 
other nonangiographic techniques in vivo. 

The purpose of this study was to compare HFEE 
luminal area measurements with those of a computer- 
ized quantitative coronary angiographic technique and 
with traditional estimates of angiographic “‘percent ste- 
nosis" We sought to determine if these angiographic 
techniques were adequate for detecting. coronary athero- 
sclerosis and were accurate in estimating the severity of 
coronary atherosclerotic narrowing. 


T= traditional method of describing the severity of 
C 


METHODS . 
intraoperative patient studies: This in vivo study 
was approved by the Human Use Committee at the Uni- 
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versity of Iowa. All patients gave written informed con- 
sent. Patients with known coronary artery disease under- 
going open heart surgery for placement of coronary 
artery bypass grafts or undergoing other intracardiac 
procedures (valve replacement or atrial septal defect 
repair) were asked to participate. Coronary bypass oper- 
ations were performed with a median sternotomy and 
standard operating procedure. 

To minimize hemodynamic variability between in- 
traoperative and catheterization data, all HFEE record- 
ings were obtained 10 to 15 minutes before the initia- 
tion of cardiopulmonary bypass when the patients he- 
modynamic status was stable. Systolic arterial pressures 

were. 280 mm Hg for all data acquisition. 
] -High-frequency echocardiography: IMAGING: A 
-— Surgiscan unit (Biosound Inc., Indianapolis) with a 12 
C MBz probe was used. This probe has a nominal axial 
resolution of 0.15 mm and a lateral resolution of 0.2 mm 
for 2-point structural resolution in a fixed system. In the 
operating room, the hand-held probe was slowly moved 
along the coronary artery to scan the artery, and then 
.. held stationary over selected diseased and normal areas 
< during. the recording of each image onto videotape. The 
~ location of each discrete segment of vessel visualized by 
. HFEE was described by the surgeon, who noted the 
~~ relation of the segment to major arterial branching points 
. and estimated the distance from other landmarks such 
as the aortic root and cardiac apex. Each segment was 
also distinguished from other segments by major arteri- 
al branching points and morphologic landmarks. If the 
location of the echocardiographic image with regard to 
anatomic landmarks was uncertain, the image was not 
. analyzed. 

—. MEASUREMENTS: The HFEE images were digitized 
: with an Irex Digitizing System (Irex Medical Systems). 
Only images with good wall, lumen and atherosclerotic 
plaque definition were used. Each image was displayed 
section at that part of the cardiac cycle where 
terial diameter was largest to minimize variability 
. due to coronary vasomotion. The luminal border was 
-— defined as the inner black/white interface. The luminal 

area was digitized and measured. 
We avoided images from calcified arterial segments 
that often display ‘“shadowing’’ and image loss posteri- 


















or to the strongly ultrasound reflective calcifications and” UE 
cannot be accurately traced. If luminal borders were not - 
distinct for the 360? circumference, the videotape was 
played forward and back to completely identify arterial - 
borders, and the indistinct few degrees of border were 
traced. If inadequate border definition was >30% of the 
arterial circumference, the data were excluded. 


ANGIOGRAPHIC ANALYSIS: Preoperative cineangio- 
grams were obtained using the Judkins technique. All 
patients received atropine (0.6 mg subcutaneously) and 
nitroglycerin (0.4 mg sublingually) before angiography. 
Films were recorded at 60 frames/s, averaging 8 projec- 
tions per patient. Cranial and caudal angulated views 
were obtained in the majority of cases. Only cineangio- 
grams of high quality were analyzed. 

In each case we attempted to identify the same coro- 
nary arterial segment imaged by HFEE and angiogra- 
phy, using the surgeons description of the HFEE probe’ 
placement and image acquisition and corresponding an- 
giographic landmarks. Cineangiograms were reviewed 
by 2 independent observers for 2 purposes. 

1. For qualitative estimation of percent stenosis and. 
comparison with high-frequency echocardiographic im- 
ages, the unprocessed cineangiograms were used. Le- 
sions were identified angiographically as those areas 
with >50% narrowing by caliper measurement, com- 
pared with the immediate proximal segment. 

2. For quantitative measurements of lumen area, the 
Brown-Dodge system of quantitative coronary arteriog- 
raphy!!! was used. Midcycle cine frames of orthogo- 
nal angiographic projections of the coronary segment to 
be analyzed were projected onto a large screen marked 
in rectilinear coordinants and the vessel segment was 
carefully traced. A portion of the angiographic catheter, 
of known size, was traced as a scaling factor. The posi- 
tion on the rectilinear grid of the catheter and of the 
vascular segment of interest were noted for each angio- 
graphic projection. The data from the 2 orthogonal | 
views were digitized with a computer-interfaced Tek- — 
tronix (Beaverton, Oregon) digitizing tablet. The steps - 
used by the computer program to analyze each coronary 
segment have been previously described in detail.'? 
Briefly, the x-ray magnification and pin-cushion distor- 
tion characteristics of the x-ray equipment were deter- 


Vessel  Proximal Distal Minimum Sten. 
LAO (mm) 2.693 2.710 0.310 88.5% 
RAO (mm) 2.813 2.449 0.380 85.6% 
AREA (mm2) 5.950 5.212 0.107 98.1% 


FIGURE 1. A quantitative coronary angio- 
graphic schematic. Proximal (Prox), distal 


(Dist) and minimal (Min) lesion diameters L A O 
and areas and percent stenosis (Sten.) Scale Ad cM 
are calculated. Ext = external, LAO = 

left anterior oblique; P TRR RAO | m 

right anterior oblique. 
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‘atherosclerotic plaque; L= 


- mined and entered into the computer, Each view was 
. . then corrected for magnification and pin-cushion distor- 
-> tion. The center lines of the vessel in each view were 
matched and a 3-dimensional reconstruction of the vas- 
` cular segment of interest was created. The computer cal- 

culated the absolute cross-sectional area of the vascular 
segment of interest and the percent luminal diameter 
stenosis measurement for the segment in each orthogo- 
nal view. The analysis was repeated for 3 consecutive 
paired angiographic frames per coronary segment. The 
average values of the determinations of cross-sectional 
area and percent diameter stenosis for the 3 sets of 
frames were calculated and reported as segment cross- 
sectional area and percent diameter stenosis. Figure 1 
illustrates the quantitative coronary angiographic sche- 
matic. 

Protocol: COMPARISON OF CORONARY ARTERIAL LUMI- 
NAL AREAS BY QUANTITATIVE CORONARY ANGIOGRAPHY AND 
HIGH-FREQUENCY EPICARDIAL ECHOCARDIOGRAPHY: In vivo 
HFEE segments (68) having a wide range of luminal 
geometries varying from relatively normal to abnormal 
were used. For each segment, from 4 to 10 echocardio- 
graphic images were displayed in cross section and 
luminal area derived throughout the segment evaluated. 






re 0.85 
HFEE = 0.8 QCA -0.1 

n= 68 

@=noCAD (angiogram) € 
A= CAD {angiogram} AA 







HFEE (mm?) 









oh T acA). ‘There is a pure relationship 
. CAD = coronary arterial dis- 








FIGURE 2. ‘An in intraoperative RR ficqueno epicardial echocardios 
cross section (left panel) and corresponding diagram (right panel). Reference bar = 3 mm; ANT = anterior; ATH 
arterial lumen; POST = posterior; W = arterial wall. 
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ic image of a coronary arterial lesion in 


A mean segmental área was derived for each specific 
arterial segment and this was compared with that SER 
using QCA and with percent stenosis. . | | 

STATISTICAL ANALYSIS: Paired or unpaired z tests were 
used as appropriate to evaluate the data sets. Differences 
were considered significant when confidence limits ex- 
ceeded 95% (p «0.05). All results are expressed as mean 
t SEM. 


RESULTS 

Figure 2 illustrates a high-frequency echocardio- 
graphic image of a coronary arterial segment in cross 
section. Table 1 lists patient characteristics for the 
HFEE/QCA comparisons. Twenty-four men and wom- 
en were studied with approximately two third of the 
group having angiographic and one third having no an- 
giographic evidence of coronary disease, but undergoing 
other intracardiac procedures (valve replacement or atri- 
al septal defect repair). In each patient, from 1 to 6 seg- 
ments were compared by both HFEE and QCA. The 
segments evaluated were in either the proximal or mid- 
portion of the right or left anterior descending coronary 
arteries. 

Figure 3 illustrates the comparisons between mean 
luminal areas for the coronary arterial segments evalu- 
ated by QCA and HFEE. For comparison purposes, ar- 


TABLE | High-Frequency Echocardiography Versus 
Quantitative Coronary Angiography for Luminal Evaluation 


Patient Characteristics 


No angiographic coronary disease 
Angiographic coronary disease 


Total Il 
Age (year) of total group 
Mean (range) 
Coronary arterial segments evaluated 
(mean per patient/range) 
Right coronary artery 
Proximal 20 
Mid 
Distal 
Left anterior descending coronary artery 
Proximal 
Mid 
Distal 


52 (19-76) 


57 (36-72) 
2.8/1-6 











 terial segments evaluated in which there was minimal 
angiographic evidence of coronary disease (i.e., «2596 
angiographic narrowing in any vessel in the coronary 
arterial tree) are displayed as circles. Arterial segments 
evaluated from patients having evidence of coronary ar- 
terial disease by angiography (>50% stenosis) are dis- 
played as triangles. There was a good correlation be- 
tween HFEE and QCA measured luminal areas over the 
wide range of contrary arterial segments from normal to 
markedly stenotic (r = 0.85; HFEE = 0.8 QCA - 0.1). 
The regression line is especially close to unity for the 
small luminal areas but there is scatter for the moderate 
and large luminal areas. Mean luminal areas were HFEE 
(4.0 + 030 mm? [mean + SEM]. (range 0.3 to 14.0); 
r and- QCA (5.1 + 0.40 mm°), (range 0.7 to 11.8). 

oe Figure. 4 illustrates luminal areas divided into groups 
based on ‘‘percent stenosis’’ identified by caliper mea- 
. Surements from the coronary angiogram. In each group, 
angiographically "normal" segments with <25% per- 
cent stenosis are on the left. When independently as- 
sessed by HFEE and QCA, there was considerable over- 
b oy mean amna! areas bag bog with and with- 





we E a 

Figure 5 illustrates luminal areas divided into groups 
based. on QCA percent stenosis. Angiographic normal 
. segments. are on the left and ‘50% QCA luminal area 
. Stenosis" segments are on the right. QCA better sepa- 
rated normal from abnormal luminal areas than did cal- 
iper percent stenosis measurements. 


. DISCUSSION 

: We have shown that traditional angiographic percent 
o stenosis measurements do not accurately reflect re- 
^ ductions in arterial lumen area when coronary athero- 
.. sclerosis is present. Percent stenosis could not complete- 
. ly separate luminal area measurements from arteries 
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one is seen in both panels. ANGIO = apogan angiographic. 








with only minimal disease («2596 stenosis) from those > 
with severe atherosclerosis, Quantitative coronary angi- 
ographic measurements of luminal areas more closely 
correlated with another in vivo technique — HFEE — 
and was able to better seperate segments with minimal 
stenosis from those with severe atherosclerosis. 

Marked variability in atherosclerotic plaque size and 
shape is characteristic of atherosclerotic lesions.? Near- 
ly half of atherosclerotic lesions are noncircular in 
shape.!? In such irregular lumens, descriptors of luminal 
geometry using a 1-dimensional technique such as per- 
cent stenosis would be inaccurate, as we found. 

Although QCA has been a well-validated tech- 
nique,!9!! it shares with traditional percent stenosis as- 
sumptions that do not accurately reflect the nature of 
coronary atherosclerosis. With QCA, luminal areas are 
calculated from 2 single dimension measurements. The 
first assumption is that there are no or only insignificant 
irregularities of the atherosclerotic plaque around the 
luminal circumference. The second assumption is that 
maximal and minimal diameters are always used, if 
there is an oval lumen. The third assumption is that min- 
imal luminal diameters are exactly superimposed. These — 
assumptions could be incorrect since a large percentage _ 
of lesions have oval or noncircular residual lumens and 
there is variable luminal morphology throughout. the 
lesion.'2 Thus, superimpositions and identifications of 
minimal and maximal diameter may be erroneous. Nev- 
ertheless, we found good agreement between HFEE and 
QCA over a large range of lumens and lesions. 

Percent angiographic diameter stenosis measure- 
ments correlate poorly with true luminal estimates. In 
this study >1/3 of the luminal areas of segments having 
angiographically significant disease (1.e., >50% diameter 
stenosis) had areas within the normal range determined 
by either HFEE or QCA. Thus, angiographic estimates 
of percent stenosis may not accurately separate normal 
from abnormal coronary arterial segments, and may not 
accurately reflect the presence of coronary atherosclerosis. 
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ed luminal stenosis measurements seem 
0 separate more accurately normal from abnormal coro- 
ry segr ents. Ak rough validated histologically and by 
other in vivo angiegraphic techniques, this is the first in 
< vivo study to validate its accuracy using a nonangio- 
- graphic imaging technique. HFEE, a real-time technique 
. has been shown to be accurate for measuring normal and 
e diseased lumen areas, in both animal and human stud- 
- des? It demonstrates arterial disease which is often not 
~ Apparent or underestimated by traditional techniques. It 
^ -has been previously compared with videodensitometric 
/.— coronary angiographic analytic techniques with good 
. correlation? It is a suitable comparison and validation 
Dis method. for the 2 angiographic techniques used. 
Tf vessels of varying size from large (i.e., proximal 
] right coronary artery) to small (i.e., obtuse marginal or 
.. diagonal branches) had been studied, it would be unrea- 
~~ sonable to expect a correlation between absolute lumen 
— - area and percent stenosis by angiographic estimates. We 
restricted our analysis to large (proximal and mid right 
and left anterior descending) coronary arteries to avoid 
this problem. 
-- Errors may have occurred when matching the lumi- 
. nal area and lesion by HFEE and QCA. These may be 

due to data angulation, calcification with ultrasound 
drop-out and differing times of data acquisition with he- 
modynamic variability. In general, these factors would 
tend to occur randomly and may account for some of 
the minor discrepancies between HFEE and QCA mea- 
surements. 
We have demonstrated that QCA, despite reliance on 
certain assumptions that do not accurately reflect the 
nature of coronary atherosclerosis, can determine the 
size of atherosclerotic lumens. Angiographic percent di- 
ameter stenosis measurements are frequently inaccurate 
in defining the presence and extent of coronary athero- 
sclerosis. 
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Prognostic Value of Dobutamine 
Echocardiography in Patients with High Pretest | 
Likelihood of Coronary Artery Disease 


Peter K. Mazeika, MRCP, Aleksander Nadazdin, MD, and Celia M. Oakley, MD 


To examine the value of transient regional asyner. 

| noninvasive predictor of future cardiac events, 51 

symptomatic patients (aged 54 + 9 years) with 

. suspected coronary artery disease (CAD) were 

i studied using an incremental regimen of 5, 10, 15 

and 20 ug/kg/min. Pretest likelihood of CAD was 

(mean + standard error of the percentage) 79.7 + 

5. 6% before and 83.4 + t 5.2% after exercise 

based on age, sex and polar Two-dimension- 

. al images were analyzed with referer ice to an 11- 

ment model and gave good interrater agree- 

During 24 + 4 months (range 19 to ic of 





























tion and its response to 
ere = poupe (Hip = signific: Yar 
-sient asynergy was seen in 17 of 23 patients 

i (74%) with and 8 of 28 patients (29%) without 
events. (p «0.01); 5 of 6 patients (83%) with 


invo vement of 3 segments had events. Myocar- 








ith a positive and 2 of 26 (8%) with a 
2 tive stress echocardiogram (p «0.05). Both 
exercise duration (389 + 195 vs 517 + 237 sec- 
onds, p «0.05) and time to diagnostic ST-segment 
shift (291 + 192 vs 447 + 212 seconds, p = 

0.05) were shorter in those with inducible asyner- 
£y. These data suggest that patients with proba- 
| ble CAD and a positive dobutamine echocardio- 

E Mun wo st Hier Hk of an adverse outcome. 
for coro&ary angiography and prognostic revascu- 
larization, particularly in patients unable to exer- 
cise. (Am J Cardiol 1993;71:33-39) 
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oninvasive identification of patients with known 

or suspected coronary artery disease (CAD) who 

are at increased risk of future cardiac events 
guides patient selection for coronary angiography.! Prog- 
nosis is influenced by many variables including evidence 
of inducible myocardial ischemia. which implies under- 
lying flow-limiting CAD and jeopardized myocardium 
and is conventionally sought using exercise electrocar- 
diography^ However, ST-segment analysis has limita- 
tions as a marker of ischemia because of not infrequent 
false-positive, equivocal or uninterpretable results, par- 
ticularly in patients with abnormal rest ST segments. 
Climcal and experimental evidence suggests that tran- 
sient regional asynergy on stress 2-dimensional echocar- 
diography provides a more sensitive and specific diag- 
nostic end point than electrocardiographic criteria.^? 
Exercise echocardiography enables risk stratification of 
patients after uncomplicated myocardial infarction? but 
cannot be performed in those unable or poorly motivat- 
ed to exercise. Dobutamine echocardiography, an alter- 
native approach in these cases, has emerged as a safe 
and accurate method of detecting CAD?” but its use- 
fulness in prognostication has not been reported. 
Improved image quality and easier image acquisition are 
further advantages of this test and arise because patients 
are at rest, optimally positioned and able to suspend res- 
piration if necessary. We therefore prospectively inves- 
tigated the prognostic value of dobutamine echocardio- 
graphy versus exercise electrocardiography in patients 
with high pretest probability of CAD and correlated the 
findings with coronary angiographic data. 


METHODS 

Study patients: We screened 55 consecutive symp- 
tomatic patients with suspected CAD awaiting coronary 
angiography who satisfied the study enrollment criteria. 
Patients with impaired left ventricular function (ejection 
fraction <30%), ventricular arrhythmias, unstable angina 
or uncontrolled systemic hypertension were excluded as 
were those with additional cardiac diseases including 
valvular or congenital heart disease or cardiomyopathy. 
To optimize the comparison of electrocardiography with 
echocardiography patients taking digoxin or those with 
bundle branch block, nonisoelectric rest ST segments or 
extensive baseline regional asynergy were considered 
unsuitable. Four patients were excluded because of poor 
endocardial definition on transthoracic imaging at base- 
line (test feasibility 93%). The remaining 51 patients (45 
men and 6 women, mean age + SD 54 + 9 years, range 
28 to 69) all had sinus rhythm and underwent both 


dobutamine 2 and exercise tests after discontinuing car 00 
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Comparison of Clinical and Investigative Variables in 
elation to Event Status 










No Cardiac 
Event 
(n = 28) 


Cardiac 
Event 
(n = 23) 
























Age (year) 55.8 54 t 10 
- Men/women 21/2 24/4 
Symptoms 
Typical angina/atypical angina/ NCP 19/4/0 21/5/2 
Treatment* 
B blockers 16 is 
^; Aspirin 14 9 
Hypertension 5 7 
| Abnormal baseline electrocardiogram 12 10 
. Baseline regional asyrergyt 8 6 
- Baseline ejection fraction (%)t 56 t6 58 x8 
Follow-up duration (months) 24 t5 24 t3 






*Numbers of patients receiving continuous treatment during follow-up. 
tFrom 2-dimensional echacardiography. 
NCP = noncardiac pain. 






CAD, expressed as mean + SE of the percentage, and 
determined using probability analysis based on age, sex 
and symptoms by consulting tables published by Dia- 
mond and Forrester,!! was 79.7 + 5.6% before and 83.4 
+ 5.2% after exercise electrocardiography. Forty patients 
had typical angina, 9 atypical angina and 2 noncardiac 
pain, and 14 patients had historic and echocardiograph- 
ic evidence of previous myocardial infarction. The study 
protocol was approved by the hospital ethics committee. 
All patients gave informed consent. 

Dobutamine echocardiography: With the patient 
reclining in the left semilateral position, baseline 
hemodynamic, electrocardiographic and echocardio- 
graphic data were initially collected. Under continuous 
monitoring, dobutamine was then infused into a periph- 
eral vein using an incremental regimen of 5, 10, 15 and 
20 ug/kg/min, each dose for 8 minutes. A 12-lead 
electrocardiogram and heart rate and blood pressure 
readings (Dinamap vital signs monitor, Critikon) were 
obtained every ! to 2 minutes. Two-dimensional 
echocardiography (Toshiba SSH-160A, 3.75 MHz trans- 
ducer) using the parasternal long-axis, short-axis and 
apical 4- and 2- chamber views was continuous for up 
to 20 minutes after dobutamine administration. Images 
were recorded on 12 mm VHS videotape and subse- 
quently interpreted in a blinded manner by 2 indepen- 
dent experienced observers; disagreements were resolved 
by discussion. Wall motion, graded as hyperkinetic, nor- 
mal, hypokinetic, akinetic or dyskinetic, was assessed at 
baseline and peak stress with reference to a previously 
described 11-segment model of the left ventricle.? A nor- 
mal dobutamine echocardiogram was recorded as one in 
which all segments normal at baseline showed a hyper- 
dynamic response, whereas the development of new or 
worsening regional asynergy was considered abnor- 
mal? Study end points included clear echocardio- 
graphic or electrocardiographic evidence of ischemia, 
significant symptoms or arrhythmia, target heart rate 
(85% of 220 minus age in years), symptomatic hypoten- 
sion or completion of the protocol. Percent ejection frac- 
tion was calculated at baseline and peak stress from end- 
diastolic and end-systolic frames of apical and paraster- 


dioactive treatment for 4 half-lives. Pretest likelihood of 
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nal short-axis views using a modified Sinipsod: s rule P 
algorithm." Baseline, inter- and intraobserver variabili- - 
ties of echocardiographic ejection fraction were each 
determined from 20 pairs of observations. Because the 
diagnostic and prognostic value of dobutamine echocar- 





diography was unknown at the time of the study, man- 


aging physicians were not routinely informed of "hec i 
results. a 
Exercise electrocardiography: All patients | had a 
maximal modified Bruce treadmill exercise electrocar- 
diogram using a computerized ST-segme 
tem (case 12, Marquette) and conventional end poin 
A hypotensive response to exercise or dobutamine was 
defined as a 220 mm Hg decrease in systolic blood pres- 
sure during stress. Both exercise and dobutamine elec- 
trocardiograms were interpreted in an unbiased manner 
and were considered positive for ischemia if there was 
21 mm of new onset ST elevation or nonupsloping ST 
depression 80 ms after the J point in any lead on 3 con- 
secutive beats. No cardiac events occurred between 
dobutamine echocardiography, exercise testing and coro- 
nary angiography, which were performed within 3 weeks 
of each other in all patients. 

Cardiac catheterization: Selective coronary arteri- 
ography was performed using multiple views and a 
Philips Poly Diagnost C imaging system. Angiograms 
were evaluated from 35 mm cinefilm by an observer 
unaware of the other results and were classified as nor- 
mal, showing minor lesions or coronary stenoses in a 
major epicardial vessel that reduced diameter by 250%. 

Follow-up: Follow-up data were obtained over a 24 
t 4 month (range 19 to 32) period by outpatient clinic 
assessment, telephone interview, review of case notes 
and contacting other hospitals when necessary. Outcome 
events were cardiac death, nonfatal myocardial infarction 
and unstable angina necessitating hospitalization (hard 
events) and also coronary bypass surgery or translumi- 
nal angioplasty. For survival analysis only 1 event was 
counted in each patient and therefore any subsequent 
event(s) was not considered. The observation period was 
censored at last assessment in event-free patients and in 
those lost to follow-up. 

Statistical analysis: Except where indicated, values 
are summarized as mean + SD. Kaplan-Meier curves 
were plotted to summarize follow-up data and compared 
using the log-rank test and hazard ratio with 95% con- 
fidence interval. Continuous variables were compared 
using a / test or equivalent nonparametric test as appro- 
priate. The chi-square test with Yates’ correction and 
McNemar's test were also used where indicated. Inter- 
rater agreement was determined by calculating the kappa 
coefficient without weighting and its 95% confidence 
interval. Variability is expressed as percent coefficient 
of variation. À p value «0.05 was considered statistically 
significant. 








RESULTS | 
Clinical Si oa: During follow-up, 23 patients had : 
| (n = 16) or 2 (n = 7) cardiac events. First events 


were myocardial ae in 1, unstable angina in 9, E 
coronary bypass grafting in 10 and coronary angioplas- 
ty in 3, and occurred after 9.3 + 7.5 months (range I to 
























































TABLE ll Dobutamine Echocardiography and Electrocardiography, and Exercise Testing 
xm Variables as Predictors of Cardiac EYED 


No Cardiac Event 
(n = 28) 






- Cardiac Event | 
(n = 23) 






Dobutamine echocardiography 








Positive test 17 8 0.003 
Angina 9 5 NS 
infusion duration (min) 25 x 7 26 x7 NS 
Time to WMA (min) 20+6 19+5 NS 
Peak HR (beats/min) 114 + 20 118 x 19 NS 
Peak HR x SBP (mm Hg/min) 18,699 x 4,461 18,946 x 3,887 NS 
Dobutamine electrocardiography 
Positive test | | Be wt. . 9 NS 
Time to ST shift (min) 27 1946 18 :*6 NS 
Exercise electrocardiography 
Positive test 19 12 0.009 
Angina 14 9 NS 
Exercise duration (sec) 378 x 154 517 + 256 0.03 
Time to ST shift (sec) 286 + 176 429 + 234 0.06 . 
Peak HR (beats/min) 134 +26 © 145 + 24 ONS 
Peak HR x SBP (mm Hg/min) 21,327 + 4,518 24,658 + 6,656 ONS 


HR = heart rate; SBP = systolic blood pressure; WMA = wall motion abnormality. 






















ob rvation. Second events were unstable angina and without subsequent cardiac events (all p = NS 
( tonary bypass surgery in 4 and coronary angio- The predominant electrocardiographic abnormality w. 
;; no patient died during follow-up. As a rule, pathologic Q waves in 10, T-wave changes 
ation was undertaken for persistent or wors- ventricular hypertrophy in 5. Infarct locat 
ling symptoms despite medical treatment, although dimensional echocardiography was inferio (n 
e were additional prognostic grounds in 9 instances. anteroseptal (n = 4), apical (n = 2) or lateral (1 
_ At last review of these 23 patients, 5 were asymptomatic and involved 19 and 17 segments, res | jective 
: 2s d chest pain was either better (n — 14) or unchanged panen with and without events. pue 
(n = 4) in the remaining patients. One event-free patient 
s lost to follow-up after 19 months observation. At 3 3 
;, 6 patients were asymptomatic and chest pain px 36t to Pi an ejection fraction range Wi  assignec d 
ter in ll, unchanged in 8 and worse in 3. One to the others (30 to 44%, n = 2; 45 to 55%, n = 6; 56. 
fused revascularization. to 75%, n = 10). Baseline, inter- and intraobserver vari- * 
^al data: Table I shows that baseline clinical ability of erection fraction was 10, 9 and 7%, respec- - 
vestig tive variables were similar in patients with — tively. The respective numbers of patients with. normal. ; 
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< FIGURE 1. interobserver agreement for 
I ions motion analysis. 
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ries, minor lesions or 1-, 2- or 3-vessel dis- 
.0, 5, 7 and |l in patients with events and 
1 3 in those who were event free (p «0.01). 
tine stress testing: Dobutamine infusion 


aching target heart rate (4 of 23 vs 5 of 28, 
were not helpful as predictors of cardiac 


natorv. Interrater agreement for wall motion 
hown in Figure 1. New (n = 22) or wors- 
1) regional asynergy, or both (n = 2) in- 
'olv = 7) 2 (n = 12) or 3 (n = 6) segments 
-was seen in 25 patients; the worst segment was graded 
ypokinetic in 2, akinetic in 17 and dyskinetic in 6. 
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X? = 11.18 +DSE X22 5.42 . 
p « 0.01 23.596 p = 0.02 
R = 4,22 R= 4.96 | 
95% Cl 1.82-9.85 95% CI 1.21-14.90 | 
4 8 12 16 20 24 28 32 0 4 8 12 16 20 24 28 32]| 


Time (months) 


plan-Meier curves for all (left) and hard (right) cardiac events during follow-up by results of dobutamine stress 
phy (*DSE or -DSE). Each plot represents the cumulative proportion of patients remaining event free. Num- 
phs indicate the total number of patients remaining at risk. Ci = confidence interval; R = hazard ratio. 


Both all (n = 23) and hard (n = 10) cardiac events dur- 
ing follow-up occurred significantly more often in 
patients with a positive stress echocardiogram (Figure 
2). Transient regional asynergy was inducible in 17 of 
23 patients (74%) with and in 8 of 28 patients (29%) 
without events (p «0.01); 5 of 6 patients (83%) with 
involvement of 3 segments had events. Myocardial 
infarction or unstable angina occurred in 8 of 25 (32%) 
with a positive and 2 of 26 (8%) with a negative dobu- 
tamine echocardiogram (p «0.05; Figure 2). Ejection 
fraction response was not helpful in predicting the pres- 
ence or absence of 3-vessel disease, inducible regional 
asynergy or cardiac events (all p = NS) (Figure 3). The 
respective numbers of patients with normal coronary 
arteries, minor lesions or 1-, 2- or 3-vessel disease was 
1, 0, 6, 7 and I] in patients with a positive and 7, 6, 6, 
4 and 3 in those with a negative stress echocardiogram 
(p «0.01). Although a positive dobutamine electrocardio- 
gram alone was not predictive of subsequent events (Ta- 
ble ID, patients with both a positive dobutamine echo- 
cardiogram and electrocardiogram were at higher risk 
than those with 2 negative tests (p «0.05) (Table HD. 
The sensitivity, specificity, positive and negative predic- 


TABLE IHE. Proportion of Patients with Cardiac Events During 
Follow-Up by Results of Dobutamine Echocardiography and 
Electrocardiography, and Exercise Electrocardiography 


Dobutamine Stress Echocardiogram 










. Dobutamine ECG”. ~-Dobutamine ECG E 


Negative. Positive Negative 





2/4 2/6 
0/1 2/15 
2/5 4/21 


ndelectrocar. - 






















































. 74, 71, 68, 77 and 72% for dobutamine echocardiogra- 


phy and 48, 68, 55, 61 and 59% i dobutamine electro- | o Y 3 
situations. “Since saducibie P region asyne 1 


cardiography. | 
<- Exercise el graphy: During exercise, 
"mean peak heart rate 5 (140 + 25 sisal and double 
¿product (23,266 + 6,118 mm Hg/min) attained were sim- 
ilar in patients with and without events (Table ID; 1 
. patient developed hypotension and remained event free. 
-Exercise stress testing variables by event status and 
_ Kaplan-Meier curves for all and hard events by results 
xercise electrocardiography are listed in Table H and 
e 4, respectively. Agreement between exercise elec- 
rdiography and dobutamine echocardiography was 
sand both exercise duration (389 + 195 vs 517 + 
conds, p <0.05) and time to diagnostic ST-seg- 
hift (291 + 192 vs 447 + 212 ede p = 0.05) 
“were shorter in patients with inducible asynergy. The 
i respective numbers of patients with normal coronary 
arteries, minor lesions or 1-, 2- or 3-vessel disease were 
6, 9 and 12 in patients with a positive and 6, 4, 6, 
and 2 in those with a negative exercise test (p «0.01 ). 
he sensitivity (83%), specificity (57%), positive (61%) 
id negative (80%) predictive value and overall accura- 
“cy (69%) of exercise electrocardiography for predicting 
-cardiac events was similar to those of dobutamine 
echocardiography (all p = NS). In patients with hard 
~ events (n = 10) a positive exercise test, dobutamine 
echocardiogram or dobutamine electrocardiogram was 
seen in 9, 8 and 7 instances, respectively. Patients with 
3 positive stress tests had more events during follow-up 
than those with 3 negative tests (p <0.01) (Table H). 






























DISCUSSION 
Risk stratification of patients with known or suspect- 
. ed CAD is a major goal of noninvasive stress testing 
- and significantly influences subsequent management.’ 
The main determinants of an adverse prognosis include 
the presence of globally impaired left ventricular systol- 
ic function, ventricular arrhythmias and anatomically 
and functionally severe underlying CAD.?!^!$ We ex- 
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nary aa this p nig give par 
information. These considerations ro 


confirmed that idee of "inducib 
ischemia predicts future cardiac events in | 
CAD. SEDIS assessing the prognostic, va 


Picano et al^ identified a positive low 
mole echocardiogram as the most powerfi 
e e cardiac eveni in +539 P i 


asocial inarctión but ay used. 3e 
graphic leads and emphasized the problem 
covery of wall motion abnormalities with 
image acquisition. 

Dobutamine is a predominant Bı-recepto 
induces myocardial ischemia in patients w 
increasing left ventricular contractility, hes 
stress and, therefore, myocardial oxygen der 
that which can be met by supply.” Like 
gators, we found it to be a safe and. 
stress.?.1026 The relative predictive abili 
electrocardiography and dobutamine echo 
may represent a trade-off between the high 
and double products attainable with exerci: 
hand (both p «0.01) and the apparent superi 
motion over ST-segment analysis on the ot 
maximize the stress achieved with dobutam 
a relatively long infusion regimen?/ aft 
washout of antianginal treatment. 


Hard events 











methodologic issues deserve comment. Al- 


e. stric tly applicable to Parona paaa eA the 
© estimates’ obtained agreed well with subsequent coro- 
^ nary angiography in that 43 of 51 patients (85%) had 
< CAD. Because the stress echocardiographic findings 
were. not routinely made available to managing clini- 
‘cians, only the results of exercise electrocardiography 


cm could have led to post-test treatment bias by influencing 


— the decision to recommend revascularization. Classifica- 
tion of coronary revascularization as a cardiac event is 
controversial because it depends on local availability of 
expertise, favorable anatomy and individual physician 
preference, but it likely also reflects the presence of se- 
vere symptoms or underlying CAD, or both. A separate 
analysis for hard events confirmed the predictive value 
of both dobutamine echocardiography and exercise elec- 
‘ rocandiography ( gures 2 and 4). 
phy: Transient miri: asynergy with dobutamine 
echocardiography was predictive of both total and hard 
cardiac events (Figure 2), and 5 of 6 patients with 
involvement of 3 segments had events. Exercise testing 








and coronary angiographic correlates indicate that dobu- 


.. tamine echocardiography identifies patients with exten- 


^. sive CAD, compromised coronary reserve and myocar- 


dial jeopardy, which likely explains its prognostic use, a 
contention supported by the significantly shorter exercise 
duration and time to diagnostic ST-segment shift in 
those with. inducible asynergy. However, ejection frac- 
tion response to dobutamine was nondiscriminatory, per- 
haps reflecting variable reductions in afterload between 
patients, compensatory exaggerated hyperkinesia of nor- 
mal wall segments, or the induction of new or worsen- 
ing mitral regurgitation during the infusion"? (Figure 3). 
Similarly negative conclusions have been reached by 
other workers.9?? 

Both total and hard-event free survival were reduced 
in patients with a positive treadmill electrocardiogram, 
and exercise duration was significantly shorter in those 
who had events ‘Figure 4, Table H). These findings 
agree with data from the Coronary Artery Surgery Study 
registry on 4,083 patients with medically treated CAD 
in which the most prognostically useful exercise test 
variables were found to be exercise duration and ST- 
segment response? Furthermore, registry data on 
patients with 3-vessel disease, preserved left ventricular 
function and diagnostic ST-segment deviation or low- 
exercise capacity showed that such patients had better 7- 
year survival if managed surgically rather than medi- 
cally.  - 
Study li ior 
remains subjective. the good interrater agreement ob- 
tained in this (Figure 1) and from other reports?’ attests 
to the excellence of the eye as an integrator of space, 
time and motion. The relatively small number of events 
in this study. did not permit a Cox regression model 
analysis. urthermore, the findings cannot necessarily 
be generalized to other groups such as patients who 
have had infarction, those requiring preoperative risk 
assessment, women or asymptomatic subj . There- 


fore, these data need independent confirmati n in larger 
























: Although wall motion analysis 
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nd preferably multicenter studies also T" ther 
patient groups with longer follow-up and more hard end 
points including mortality. Patients selected for prog- 
nostic studies are usually at low rather than intermedi- 
ate risk, which affects the event rate and probably ren- 
ders multiple noninvasive tests superior to any single test 
for risk stratification!? (Table HD. An additional limita- 
tion of stress testing for prognosis is that unpredictable 
events such as plaque rupture are not necessarily relat- 
ed to the presence of functionally significant CAD. i 

Clinical implications: Assuming equal efficacy, the 
choice of stress test for risk stratification depends. on 
availability, cost and the level of local expertise. In addi- 
tion to enabling accurate assessment of baseline global 
and regional left ventricular systolic function, dobuta- 
mine echocardiography can identify patients with severe. 
flow-limiting CAD who are at increased risk of an | 
adverse outcome. Dobutamine echocardiography may 
therefore aid selection for coronary angiography and 
prognostic revascularization, and is particularly suitable 
for patients with an equivocal or uninterpretable- 
cise electrocardiogram or those unable or poorly moti- 
vated to undertake exercise. With additional experience — 
it may prove to be a useful alternative or addition to 
exercise testing in patients with CAD. 
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‘Two hun patients with peripheral 
A vascos d disease were prospectively studied to 

— assess whether noninvasive cardiac investiga- 

tions could predict prognosis better than simple 
clinical assessment. Clinical history, examination 

. and resting electrocardiography were considered 

in all patients; exercise electrocardiography, 
n nitoring, radionuclide ventriculography 
pu and dipyri idamole thallium imaging were per- 
formed in a subgroup of 168 patients. Follow-up 
for 6 to 30 months revealed major cardiac events 
in 21 patients. Cox survival analysis showed that 
clinical evidence of prior coronary artery disease 
was the best variable from clinical assessment 
that predicted cardiac events, with no other clini- 
cal variable adding to the statistical model. When 
variables from noninvasive cardiac assessment 
were added to the model, which included clinical 
evidence of corenary artery disease, dipyrida- 
mole thallium heart:lung ratio and left ventricular 
ejection fraction added significantly and incre- 
mentally to the prediction of cardiac events. 
Results of exercise electrocardiography or Holter 
monitoring did not add significantly. It is conclud- 
ed that high lung uptake of thallium during dipyri- 
damole stress, and impaired left ventricular ejec- 
tion fraction help to identify patients with periph- 

















T . eral vascular disease who are at high cardiac 


risk, and should therefore be used for selecting 


“subsequent cardiovascular medical, surgical and 


- anesthetic management. | 
(Am J Cardiol 1993;71:40-44) 
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atients with peripheral vascular disease (PVD) 
have a mortality 2 to 4 times that expected,!? and 
&. more than half of the deaths are due to the almost 
ubiquitous coronary atheroma present in these patients.’ 
Younger patients are at higher relative risk,* and there 
is a particularly high risk in the perioperative period.” 
Patients with prior clinical manifestations of coronary 
artery disease (CAD) are at higher risk in both the peri- 
operative period? and the long term." Perioperative risk 
is higher in patients with reversible myocardial isch- 
emia®? or poor left ventricular function’ on preopera- 
tive noninvasive testing. Most patients with PVD do not 
undergo vascular surgery. The incremental value of non- 
invasive cardiac studies for the prediction of cardiac 
events or death compared with that of simple, readily 
obtained, clinical information has not been assessed. We 


prospectively assessed the incremental value of a num- 


ber of common, noninvasive cardiac tests in identifying ~ 
the risk of cardiac events in the long term in a typical, 
mixed population of patients with PVD. 


METHODS 

We investigated 145 patients prospectively with in- 
termittent claudication, who were not scheduled for pe- 
ripheral vascular surgery, from the vascular clinic of a 
district general hospital. Patients who already had arte- 
riographically proved CAD were excluded from the 
study. We also studied 91 consecutive patients in whom 
elective surgery for. abdominal aortic aneurysm, occlu- 
sive PVD or carotid arterial disease was scheduled. 

There was no formal age limit, but patients with oth- 
er serious illness (severe chronic obstructive airways dis- 
ease, stroke, cancer or dementia) were excluded, as were 
those previously found to be unsuitable for vascular 
surgery owing to coexisting disease or age. 

All patients gave informed consent, and the study 
was approved by the Northwick Park Hospital Ethical 
Committee, 

Clinical assessment: Clinical assessment, resting 
electrocardiography, and fasting blood samples produced 
18 variables for subsequent analysis (Table D. Clinical 
evidence of CAD was defined by prior myocardial 
infarction and history of angina or congestive heart fail- 
ure. Left ventricular hypertrophy was defined by Rom- 
hilt and Estes'!! electrocardiographic criteria. 

Noninvasive cardiac : Of 145 patients 
not scheduled for peripheral vascular. surgery 16 under- 
went elective investigation at the request of the vascu- 
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- lar surgeon; of the remaining 129, 61 were randomized 
to undergo noninvasive studies and 68 underwent no 
further investigation as part of a control group with a 
separate study. All 91 patients assessed before surgery 
underwent noninvasive cardiac tests; thus, in all, 168 un- 
derwent noninvasive cardiac assessment. 

Standard methods were used for treadmill and am- 
bulatory electrocardiographic assessment.'* Patients with 
bundle branch block or left ventricular hypertrophy on 
their resting electrocardiogram and those receiving digoxin 
were not considered suitable for ST-segment trend anal- 
ysis. Maximal exercise heart rate was recorded as a per- 
. centage of the maximal expected rate, and exercise time 
-< was noted. Exercise tests were defined as positive at 1 
mm ST-segment depression at J + 60 ms. Likewise, on 
; mbulatory electrocardiographic monitoring, episodes of 
— ST depression »1 mm and lasting 21 minute were record- 
-ed as ischemic. 

Standard techniques using in vivo labeling of red 
cells with technetium-99m were used for resting radio- 
nuclide ventriculography. Left ventricular ejection frac- 
tion was calculated semiautomatically.'° 

_Dipyridamole thallium-201 imaging was performed 
| using standard techniques. !4 Oral dipyridamole and the- 
_ophylline preparations were discontinued in patients 
. .Who. were receiving regular treatment; other medications 
were taken as usual. Intravenous dipyridamole (0.56 
- mg/kg over 4 minutes) was followed by low-level bicy- 
. ele exercise for 3 minutes, which is thought to improve 
. image quality and reduce vasodilatory side effects.'? Pla- 
— nar and tomographic images were acquired after stress 

and 4 hours later. Regions of interest were positioned 
ver areas of maximal myocardial and lung uptake of 
. thallium-201 on the anterior planar images, and the 
~~ heart:lung thallium-201 ratio was calculated.!ó Tomo- 
- graphic myocardial images were categorized in regard to 
— whether they were normal, or had reversible defects rep- 
 Tesenting ischemia or fixed defects representing myocar- 
.. dial infarction." 
|. Cardiac catheterization: Mainly on the basis of ab- 
normal thallium-201 imaging and cardiac symptoms, 54 
patients underwent cardiac catheterization and revascu- 
larization, as appropriate. 

Follow-up: The subsequent surgical and cardiac 
progress of patients were documented from hospital vis- 
. its, telephone interviews of patients or their family doc- 
~~ tor, or both, and from the Office of Population Census- 
es and Surveys. Major cardiac events were defined as 
death due to myocardial infarction, heart failure or sud- 
den death, plus nonfatal myocardial infarction, unstable 
angina or coronary artery bypass surgery. Follow-up 
ranged between 9 and 30 months. 

Cox survival analysis: Initially, 18 clinical variables 
(Table I) were considered for inclusion in a statistical 
model to predict event-free survival. A second set of 8 
variables, derived from the noninvasive cardiac investi- 
gations, included exercise time, percent maximal pre- 
dicted heart rate, exercise and ambulatory ischemia, left 
. ventricular ejection fraction, heart:lung thallium-201 ra- 
- tio, reversible thallium-201 defect, and fixed or revers- 
ible (or both) thallium-201 defect. These variables were 
added 1 at a time to find which (if any) would improve 

















TABLE 1 Overall Features of Study Population (n = 236) 


68.5 x 8.6 
9] (7196) 
59 (39%) 
59 (25%) 

0.82 + 0.18 
97 (41%) 

119 (50%) 
28 (12926) 
61 (26%) 
91 (39%) 
27 (11%) 

370 + 85 

6.7 + 1.4 
1.71.0 
17 #14 
58 (25%) 


Age (year) 

Men 

Scheduled for operation 

Presence of aortic aneurysm 

Mean ankle:brachial blood pressure ratio 
Continued smoking at time of assessment 
Hypertension on history or examination 

Diabetes mellitus on history or fasting blood sugar 
Previous myocardial infarction 

Clinical evidence of coronary artery disease 
Clinical evidence of cerebrovascular disease. 
Plasma fibrinogen (mg) 

Fasting total serum cholesterol (mM) 

Fasting serum triglycerides (mM) 

Erythrocyte sedimentation rate (mm/hr) 

Left ventricular hypertrophy on resting ECG 
Intention to treat with aspirin during follow-up 120 (51%) 
Intention to treat with calcium antagonist 97 (41%) 


ECG = electrocardiography. 


TABLE It Results of Noninvasive Cardiac Investigations 
(n = 168) 


Exercise ECG invalid 65 (41%) 

Normal 50 (31%) 

ischemic 44 (28%) 

Exercise time 379 + 2425 

% max. predicted HR achieved 
89 x 18% 

Invalid 68 (4076) 

Normal 74 (45%) 

Ischemic 21 (13%) 

Mean EF 54.0 + 13.3% 
(range 9 to 83) 

Normal 50 (30%) 

Fixed defects only 32 (19%) 

Reversible defect 85 (50%) 

Mean heart:lung ratio 2.2 + 0.6 
(range 1.08 to 4.2) 


ECG = electrocardiography; EF = ejection fraction; HR = heart rate. 


Ambulatory ECG 


Radionuclide ventriculography 


Dipyridamole thallium-201 
(n = 167) 





the statistical model predicting event-free survival. This 
approach was used to find whether noninvasive cardiac 
investigations could add significantly and incrementally 
to the prediction of patients more likely to have an 
event. Relative risks of events and estimated survival 


ysis. 


RESULTS oe 
The results of clinical assessment are summarized i in 
Table I, and were as expected from other series? Re- 
sults of noninvasive cardiac tests are listed in Table II. 
Resting electrocardiographic changes precluded ST seg- 
ment for analysis of ischemia in 4196 of patients during 
exercise or ambulatory monitoring. Treadmill exercise 
was not possible for various reasons in 9 patients, and 
many other patients were limited by claudication, such 
that they could not achieve a heart rate sufficient for 
diagnostic purposes, as reflected by the mean percent 
maximal predicted heart rate achieved. Ambulatory 

monitoring failed for technical reasons in 5 patients. 
Radionuclide ventriculography was technically suc- 
cessful in all patients, but the left ventricular ejection - 
fraction derived should be cautiously interpreted in the 
12% of patients with atrial fibrillation. Dipyridamole - 
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function curves were generated from the survival anal. — ; 



























icant side effects, which resolved uneventfully with in- 
" travenous aminophylline (125 to 250 mg), as expected. 
_ Fixed or reversible perfusion defects were observed in 
-. 70% of patients; im 54 of these who later underwent cor- 
< onary arteriography, the positive predictive value of an 
. abnormal thallium-201 image was 94%. The range of 
. heart:lung thallium-201 ratio values reflected the widely 
.. differing. lung uptake of thallium-201; high ratios corre- 
- Jated with small lung uptake, and low ratios correlated 
= with marked lung uptake. 
Am. . Follow-up: Follow-up was complete, except for the 
| exact cause of death in 2 patients with aortic aneurysms 
© who died suddenly outside hospital; whether these 
deaths were due to aneurysmal rupture or known CAD 
as not established. Cardiac events occurred in 21 of all 
236 patients and in 18 of the 168 who had noninvasive 
-> cardiac investigations. Cardiac events included 4 deaths 
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ally progressed to infarction), and 6 coronary artery we i 
pass grafts (3 before scheduled surgery for PVD). 

Cox survival : When clinical variables were 
compared with subsequent cardiac events, clinical evi- 
dence of CAD was found to be the best predictor of car- 
diac events (global chi-square 8.1), and no other vari- 
able added significantly to it. When the results of non- 
invasive cardiac investigations were added individually 
to clinical evidence of CAD, only heart:lung thallium- 
201 ratio and left ventricular ejection fraction signifi- 
cantly improved the prediction of cardiac events (glob- 
al chi-square 17.7 and 17.25, respectively). 

In the first statistical model, the relative risks of a 
subsequent cardiac event in patients. with. prior clinical 





evidence of CAD was 4.7 (range 1.6 to 13.6) compared _ 


with those with no CAD; a with increased id a 









FIGURE 1. Estimated survival function 
curves generated from Cox survival 
| analysis. This shows | different survival | 
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: uptake of thallium-201 (i.e., those with a heart:lung ra- 
tio 0.5 lower than the mean value of 2.2) had an addi- 
tional relative risk of 1.8 (1.1 to 3.1). In the second 
model, the relative risk with prior clinical evidence of 
CAD was 37 (1.2 to 11.4); patients with a left ventricu- 
lar ejection fraction that was 20% less had an addition- 
al relative risk of 1.9 (1.0 to 3.6). 

Figures 1 and 2 show estimated survival function 
curves generated from Cox survival analysis; cardiac 
event-free survival is compared in patients with clinical 
evidence of CAD who have low or high lung uptake of 
thallium-201 and in those with high or low left ventricu- 
lar SG nun fraction. 


CUSSION 
oe Our findings reinforce the results of previous studies 
~ that found that clinical evidence of CAD is an impor- 
tant predictor of patients likely to have a cardiac 
event.)55.9 The relative risk of a major cardiac event 
during follow-up was 4 times greater in patients with 
simple clinical evidence of prior CAD. However, this 
study extends across the entire spectrum of patients with 
PVD, not just those undergoing preoperative or postop- 
-erative assessment, No patient had the traditional clini- 
cal indicators of high cardiac risk, such as recent 
.. myocardial infarction or unstable angina, and only a few 
had overt cardiac failure; those at high relative risk had 
a prior myocardial infarction or stable angina. 

An important finding of this study that was not de- 
scribed previously is that increased lung uptake of thal- 
lium-201 during dipyridamole stress is associated with a 
worse prognosis. The prognostic importance of lung up- 
take during exercise stress has been described several 
: | times?92t; it is thought to represent exercise-induced im- 
. pairment of left ventricular function with elevation of 
E ‘pulmonary venous pressure and transient pulmonary 
oe 27 Lung uptake of thallium-201 during dipyrida- 
. mole stress was previously shown to be higher in pa- 
- tients with CAD than in those without.” 

As in previous studies, evidence of impaired left ven- 
tricular ejection fraction predicted patients more likely 
to die during follow-up.?^ In the survival analysis, this 
did not add significantly to the Cox model, if the thalli- 
um-201 heart:lung ratio was already included and vice 
versa; this suggests that they both provide similar infor- 















. mation for survival analysis (ie., poor left ventricular 


function). 

It is of clinical importance that these noninvasive car- 
diac studies were able to add incrementally to the pre- 
diction of patients at high cardiac risk. Lung uptake of 
thallium-201 was the most important variable to add, 
followed by left ventricular ejection fraction. It may be 
possible to recommend dipyridamole thallium-201 im- 
aging as the method of choice, because resting electro- 
cardiographic changes and rhythm abnormalities do not 
preclude patients from this study, and it not only pro- 
vides prognostic information and ventricular function 
information from the heart:lung ratio, but also informa- 
. tion regarding regional myocardial perfusion and poten- 
.. tial benefit from revascularization. 

No other noninvasive cardiac variables, in particular 
hose from ambulatory electrocardiographic monitoring 


and reversible ischemia on thallium-201 imaging, added 
incremental prognostic information to clinical evidence 
of CAD in contrast to the results of other series. $2526 
Probable explanations for this include the following: 
Electrocardiographic analysis for ischemia was prevent- 
ed in 40% of cases by resting electrocardiographic 
changes, limiting both ambulatory and exercise analysis; 
exercise tolerance was largely limited by claudication 
that would limit cardiac ischemia and remove the prog- 
nostic value of exercise time or maximal heart rate; and 
discovery of reversible ischemia on thallium-201 imag- 
ing may have led to aggressive medical management of 
patients, because clinicians could not be blinded to the 
results of noninvasive cardiac studies. Differences in 
methodology may also contribute to differences between 


studies, including the inclusion of patients not un- 
dergoing surgery in our series, different intensities of = 


perioperative and long-term surveillance for cardiac 
events, varying definitions of cardiac events, and inclu- 
sion of clinical evidence of CAD in the Cox survival 
analysis before assessing the contribution of noninvasive 
cardiac studies. 

There are some limitations to this study. It was rela- 
tively small and had a limited follow-up; however, for a 
Cox survival analysis model, there should be approxi- 
mately 10 times as many events as covariates, so that 
the study was sufficiently large to find 2 covariates that 
predict outcome. The advantage of a smaller study is 
that it can be performed in 1 center. There was also a 
mixture of patients with different types and severities of 
PVD. However, all types of patients with PVD are at 
high risk of cardiac events, and when these variables 
(presence of aortic aneurysm and mean ankle:brachial 
blood pressure ratio) were entered in the survival anal- 
ysis, they did not add to the prediction of outcome. 
Finally, heart:lung ratio and ejection fraction are quanti- 
tative variables that have an advantage in a survival 

analysis when compared with categoric variables, such 
as the presence of ST-segment changes on ambulatory 
or exercise electrocardiographic monitoring. 

In summary, we have shown that clincal evidence of 
previous CAD is the most important predictor of pa- 
tients at risk of a subsequent cardiac event, and further 
incremental information can be obtained from patients’ 
left ventricular function by analysis of lung uptake of 
thallium-201 during dipyridamole stress or from their 
left ventricular ejection fraction. This should have an 
important role in helping to decide patients’ subsequent 
medical, anesthetic and surgical management, and may 
also direct subsequent research trials of interventions to- 
ward those at high risk. 
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that low levels of high-density lipoprotein (HDL) 

cholesterol are strongly associated with increased 
risk for coronary artery disease (CAD). no reported clin- 
ical trials have specifically focused on this association 
and none have targeted people whose primary lipid 
abnormality is a low HDL cholesterol. In the absence of 
such trials we do not know whether patients with low 
HDL cholesterol (but without hypercholesterolemia) 
would benefit from lipid therapy nor can we conclu- 
sively establish a causal relation between HDL choles- 
terol and CAD.! The Department of Veterans Affairs 
HDL Intervention Trial (HIT) is a multicenter, random- 
ized, controlled trial designed to address these 2 issues. 
Specifically, the hypothesis of the study is that treatment 
with the fibric acid derivative, gemfibrozil, will reduce 
the combined incidence of CAD death and nonfatal 
myocardial infarction in men with established CAD and 
low HDL cholesterol in association with "'desirable"" 
low-density lipoprotein (LDL) cholesterol. 

Although death rates from CAD have been declining 
in recent years, this disease continues to exact an enor- 
mous toll in the United States and other industrialized 
countries in terms of disability, lost lives, and dollars 
spent. Approximately 7 million Americans have clini- 
cally evident CAD and each year 500,000 die from this 
disease?; ultimately >80% of affected patients succumb 
to complications of their CAD. Preventing morbidity 
and delaying mortality in this large population is there- 
fore an important public health priority. Low HDL 
cholesterol, even in the absence of hypercholesterolemia, 
is one of the strongest risk factors for recurrent CAD 
morbidity and mortality.4° This lipid profile (low HDL 
cholesterol without hypercholesterolemia) is found in 20 


pe a wealth of epidemiologic data suggesting 
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~~ to 30% of patients with CAD,°! or in more than one 
and a half million people in this country. Expert groups 
and consensus panels have acknowledged the impor- 
tance of HDL cholesterol as a risk factor for CAD, but 
have been reluctant to make any firm treatment recom- 
mendations for nermocholesterolemic patients with low 
HDL cholesterol in the absence of any relevant clinical 
trial data.!!!2 The HIT, which examines the effects of 
treatment in this unique population, is thus expected to 
have important and far-reaching clinical implications. 
Background: EPIDEMIOLOGIC EVIDENCE: A relation 


o . between low plasma HDL cholesterol and CAD was 


first reported by Barr et al’? in a case-control study of 
survivors of myocardial infarction published in 1951. 
Although this observation was confirmed in numerous 
subsequent case-control studies, it was >25 years before 
the first cohort studies demonstrated that low levels of 
HDL cholesterol were predictive of the development of 
CAD. In 1977 the Framingham Heart Study reported 
that the incidence of CAD was »8 times higher among 
persons with HDL cholesterol «35 mg/dl than among 
those whose HDL cholesterol was >65 mg/dl.!^ In that 
same year, the Trémso Heart Study reported that, in a 
cohort of 6,500 men, HDL cholesterol was more strong- 
ly associated with incident CAD than any of the 8 other 
variables studied. More than a dozen cohort studies in 
various countries have subsequently examined this rela- 
tion and all but 2 have found low HDL cholesterol to 
be a strong, independent predictor of CAD.!6 Several 
studies have found that a low level of HDL cholesterol 
is the single best predictor of CAD events. !"-!? The rela- 
tion is independent of other risk factors such as total 
cholesterol, body mass index, smoking and hypertension 
and is apparent im both men and women, elderly and 
middle-aged peopie, and those with and without CAD 
at baseline. 

No large intervention trials specifically designed to 
study subjects who have low levels of HDL cholesterol 
have been reported. Some of the trials of lipid-lowering 
therapy in hypercholesterolemic subjects, however, have 
suggested that raising HDL cholesterol is associated 
with a reduction in CAD events/??! or with an improve- 
ment in angiographic evidence of coronary atherosclero- 
sis.^^^ Most important among these is the Helsinki 
Heart Study, which enrolled healthy middle-aged men 
chosen because of a high level of non-HDL cholesterol 
(mean LDL cholesterol 189 mg/dl). Those randomized 
to active treatment (gemfibrozil) had a mean HDL cho- 
lesterol increase of 11%, a mean LDL cholesterol de- 
. cline of 11%, and a 34% reduction in CAD end points 
compared with the placebo group.”°4 Statistical analy- 
ses of these data indicated that the increase in HDL 
cholesterol was independently associated with the re- 
duction in end points. The data from both observation- 
al and intervention studies suggest that each 1 mg/dl in- 
crease in HDL cholesterol is associated with a 3 to 4% 
decrease in coronary events.” 

BIOLOGIC MECHANISMS: In 1968, Glomset^? first pro- 
posed a role for HDL in the reverse transport of choles- 


nation for the association between low HDL cholesterol 
and increased risk of CAD. Since then, many studies, 





reviewed in detail elsewhere,?’*8 have begun to eluci- - 
date possible mechanisms by which HDL may protect - 
against the development of atherosclerotic vascular dis- 
ease. Notable experimental observations include the 
demonstration that HDL promotes the efflux of choles- 
terol from extrahepatic cells in culture? that HDL in- 
fusions result in the regression of atherosclerosis in a 
live animal model,?? and that atherosclerosis can be in- 
hibited by increasing HDL production in transgenic 
mice.?! 

In humans, a low HDL cholesterol frequently occurs 
in association with high triglycerides. It is possible that 
the risk of CAD associated with low levels of HDL cho- 
lesterol is at least partially related to metabolic abnor- 
malities seen in the hypertriglyceridemic state. These 
include the accumulation of potentially atherogenic tri- 
glyceride-rich remnant lipoproteins,?? a relative increase 
in the concentration of small, dense LDL particles that 
may be more susceptible to oxidation and cellular up- 
take than larger LDL,? and a decrease in fibrinolytic 
activity and other alterations in the coagulation system 
leading to a procoagulant state.3425 

The epidemiologic and biologic evidence accumulat- 
ed to date is substantial and is generally consistent with 
the hypothesis that HDL cholesterol is causally related 
to CAD.'* To confirm this hypothesis, however, and to 
determine the appropriate therapeutic approach for those 
with low HDL cholesterol will require data from clini- 
cal trials. 

Study population: The population eligible for the 
HIT includes men aged <73 years with documented 
CAD and HDL cholesterol <40 mg/dl, LDL cholester- 
ol SI40 mg/dl, and triglycerides <300 mg/dl who are 
able to take the medication safely and have no other 
conditions likely to result in death in the ensuing 5 
years. Whereas non-veterans are not formally excluded 
from participation, eligibility regulations at most of the 
participating sites make it difficult to enroll such sub- 
jects. 

EXCLUSION OF WOMEN: Women have been excluded 
from most major cardiovascular clinical trials for many 
reasons, including the erroneous perception that CAD is 
not a major health problem for women. Although CAD 
is less common during the premenopausal years, rates of 
CAD in postmenopausal women approximate those seen 
in men? and CAD is the leading cause of death in 
women. The association between HDL cholesterol and 
CAD is present in both genders?*-?; in several studies 
low HDL cholesterol is even more strongly associated 
with CAD risk in women than in men.?5 Low levels of 
HDL cholesterol are at least as prevalent among female - 
as among male patients with CAD. There are thus 
strong a priori reasons for including women in this trial. 

The nature of the population served by the Depart- 
ment of Veterans Affairs medical centers, however, pre- 
cludes inclusion of women in this study. Approximate- 
ly 2% of patients seen in this system are women and 
half are premenopausal.” It was therefore estimated that 
about 1% of patients with CAD at the participating sites 
would be women. If women enrolled in the trial at the 
same rate as men, there would be only 25 women 
among the 2,500 participants. Because women may have 
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different responses to intervention than men, it would 
not be appropriate to analyze both genders together. 
However, an analysis of only 25 patients could not pos- 
sibly provide any meaningful information and might be 
misleading. Thus, since it was not feasible for this trial 
to enroll enough women, we decided to study men only, 
leaving it to future trials to address this question in 
women. 

LIPID CRITERIA: Target lipid values for the study pop- 
ulation (HDL cholesterol <40 mg/dl, LDL cholesterol 
<140 mg/dl, and triglycerides <300 mg/dl) reflect an 
attempt to obtain a population that truly has low HDL 
cholesterol as its major lipid abnormality while not un- 
duly restricting the pool of potentially eligible subjects. 
_ The National Cholesterol Education Program defines 
high-risk values as HDL cholesterol <35 mg/dl, LDL 
cholesterol 2130 mg/dl, and triglycerides 2250 mg/dl! !; 
we placed our target values slightly above these levels 
in order to enhance recruitment. With these criteria we 
expect that all patients in the trial will have a total 
cholesterol «240 mg/dl, the level used to define “‘high 
blood cholesterol."!! Furthermore, all patients should 
have LDL cholesterol levels substantially below the 
- level (currently 160 mg/dl) at which drug therapy is rec- 
 .ommended for CAD patients.!! If the recommended 
treatment threshold for LDL cholesterol is lowered dur- 
"ing the course of the trial, the Data Monitoring Board 
' will consider the implications for enrolled subjects and 
may recommend protocol changes (e.g., addition of bile- 
acid binding resin if LDL cholesterol exceeds a certain 
value). 

_ To obtain a population whose lipid values at the time 
. of randomization are at or below target levels, we devel- 
. oped a multistage lipid screening program. This program 
- was designed to maximize the yield of subjects with the 
-target lipid profile while minimizing the number of tests 
required. A computer simulation that incorporated lipid 
-profiles from actual studies of men with CAD evaluat- 
ed different screening rules. We took into account the 
- effects of regression to the mean and the possibility that 
we had inaccurately specified the lipid distributions. The 
resulting lipid criteria for each stage of screening are 
listed in Table I. These screening rules will be evaluat- 
ed during the early phase of the trial and modified if 
necessary. 

- ... OTHER ENTRANCE CRITERIA: Patients must have docu- 
“mented CAD (history of either myocardial infarction, 
coronary artery revascularization procedure, angi- 
ographic evidence of coronary atherosclerosis, or angi- 
na corroborated by objective evidence of ischemia) and 
no evidence of other life-threatening medical illness, 
alcohol or substance abuse, cholelithiasis, marked left 
ventricular dysfunction, or inability or unwillingness to 
take the medication and comply with follow-up visits. 
These entrance criteria permit enrollment of a heteroge- 
neous sample, including the elderly, smokers, well-con- 
trolled diabetics, hypertensives, and patients who are 
obese, have mild left ventricular dysfunction, or are tak- 
ing B blockers or thiazide diuretics. 

The advantages to a heterogeneous population are 
that the results are more generalizable, the study sample 
- is easier to assemble, and treatment effects can be exam- 











TABLE i Multistage Lipid Screen 


Eligibility Criteria 


(mg/dl) 
Visit 1 
HDL cholesterol «42 
LDL cholesterol «145 
TG < 350 
Visit 2 | 
HDL cholesterol (HDLi*and HDL2 < 40) or 
(HDL2 <40 and meant HDL < 38) 
LDL cholesterol LDL2 <140 and meant LDL < 140 


TG (TG1 and TG2 < 300) or (TG2 <300 
and meant TG «270) 


*The digit 1 or 2 after HOL, LDL or TG refers to the value from visits 1 or 2, | 
respectively, 

{Mean of the values from visits 1 and 2. 

Lipid profiles from visit 3 and the baseline visit are not used to determine eligibility; 
they are averaged to determine baseline lipid values. The mean total cholesterol from 
visits 1 and 2 must be > 100 mg/dl. 

HDL = higti-density lipoprotein; LDL = 


low- Md lipoprotein; TG = triglycerides. 


ined in various subgroups. Subgroups of particular inter- 
est in this study have been specified in advance and are 
defined by the following: baseline lipids, D-blocker and 
aspirin use, smoking status, history of prior myocardial 
infarction, time since last myocardial infarction and/or 
other measures of the "activity" of CAD at baseline, left 
ventricular function, age, race, diabetes, hypertension 
and family history. Subgroup analyses are intended to 
help elucidate mechanisms and generate new hypotheses. 

Treatment regimen: The treatment regimen consists 
of 1,200 mg of extended-release gemfibrozil (Lopid 
SR™) or matching placebo given once daily. We consid- 
ered the ideal intervention for this trial to be a safe, well- 
tolerated regimen that effectively raised HDL cholesterol 
without affecting other lipid parameters. Although 
weight loss is a safe and moderately effective way to 
raise HDL cholesterol"! it is notoriously difficult to 
achieve and maintain and is only applicable to those 
who are overweight. Bile-acid binding resins and 3- 
hydroxy-3-methylglutaryl-coenzyme A reductase in- 
hibitors were not considered suitable because of their 
limited ability to raise HDL cholesterol consistently and 
their substantial LDL cholesterol-reducing: effect.** Al- 
though niacin is highly effective at raising HDL choles- 
terol, it also lowers LDL cholesterol significantly and is 
associated with frequent and troubling side effects," 
which we anticipated would lead to high rates of non- 
compliance i in our population as well as difficulty main- 
taining the blind. Furthermore, the many relative con- 
traindications to niacin (e.g., diabetes, peptic ulcer dis- 
ease and gout) would limit the eligible population. 

We chose gemfibrozil because of i its established safe- 
ty and tolerability and its anticipated ability to raise 
HDL cholesterol consistently with minimal effects on 
LDL cholesterol. Based on limited data in normocholes- 
terolemic subjects with low HDL cholesterol ( and 
Stettler et al, unpublished observations) we projected 
that gemfibrozil would raise HDL cholesterol by 10 to 
15%, lower triglycerides by 30 to 40% and total choles- 
terol by 10 to 15%, and have a negligible effect on LDL 
cholesterol. 

Recruitment and screening (Figure 1) The trial 
began screening patients on August 1, 1991. Several re- 
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7 with telephone. Ó 
who have been identified from various sources (e.g., 
p pharmacy. computer printouts listing patients on nitrates, 
direct patient solicitation in cardiology and general 
.. medicine clinics, physician referral, and advertising in 
— the hospital and to veterans’ groups and the general 
. community). Men aged <73 years with known CAD are 
. invited to attend the first screening visit. 
. At the first screening visit, patients are given a brief 
. questionnaire to determine eligibility and, if no exclu- 
sions are identified, a lipid profile is obtained. Patients 
< whose first profile meets criteria are invited for a second 
. lipid profile and laboratory screen (complete blood 
- count, liver and kidney function tests, glucose, urinaly- 
-— sis). Those who remain eligible are invited to a final 
.. Screening visit during which the study is explained in 
detail and written informed consent is obtained. A his- 
tory and physical examination, detailed chart review, and 
lipid profile are performed and, if indicated by algorithm 
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Male, age < 73, CAD present, 
cholesterol « 280 or unknown 










Visit 1 
* Brief questionnaire 
* Fasting lipid profile 1 







Lipid profile: meets criteria * 











Visit 2 
* Fasting lipid profile 2 
* Routine lab screen 












Lipid profile : meets criteria * 
No abnormalities on lab screen 











Visit 3 


* informed corsent — * Radionuclide ventriculogram ** 
* History/PE e Fasting lipid profile 3 
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ed at this visit. = 

Consenting, eligible patients return 1102 weeks af- 
ter this final screening visit for the baseline visit. After 
a patient's eligibility is verified by the coordinating cen- 
ter, the subject is randomized according to a permuted 
block design. Randomization is stratified by center to 
achieve balance between treatment groups within each 
center. Baseline data (history, physical examination, elec- 
trocardiogram, blood for lipids, special studies and safe- 
ty tests, quality of life and dietary questionnaires) are 
obtained and the patient receives his study medication. 
The average of the lipid values from this and from the 
final screening visit are used to define the patient's base- 
line lipid status. 

During the screening process patients are asked to 
keep their weight stable, continue their usual medica- 
tions, and maintain their smoking and exercise habits. 
Patients who make significant alterations in any of these - 
are not eligible; they may, however, be rescreened once 
a minimum of 6 weeks later. | | 

Lipid analysis: To minimize the effects of biblogic 
variation on lipid results, blood samples are obtained ac- 
cording to a standard protocol described in the opera- 
tions manual. Patients must be fasting for 12 to 14 hours 
before venipuncture and must refrain from alcohol for 


Current Moderate to Severe CHF? 
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| Exclude | 


EJF within past 2 
years and since last Mi? 


History of 
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been ill or hospitalized within the previous 2 weeks. 
Blood is obtained after the patient has been seated for 
25 minutes. Tourniquet time is minimized. Screening 
samples are analyzed in the local clinical laboratories; 
the 2 baseline (from the final screening visit and the 
baseline visit) and all subsequent samples are analyzed 
by a central lipid laboratory. 

Blood destined for the central lipid laboratory is 
drawn into tubes containing ethylenediaminetetraacetic 
acid. The plasma is separated by centrifugation and fro- 
zen at -20?C. Samples are packed with dry ice in insu- 
lated containers and sent by overnight mail to the cen- 
tral lipid laboratory. Plasma cholesterol and triglyceride 
.. concentrations are measured by enzymatic assays using 
a biochromatic analyzer (Abbott Spectrum CCX, Abbott 
Diagnostics, Irving, Texas). HDL cholesterol is isolated 
from the supernatant, after apolipoprotein B-containing 
particles are precipitated from the plasma with dextran 
sulfate magnesium. LDL cholesterol is calculated by 
the method of Friedewald et al. The HIT central lipid 
laboratory participates in the Centers for Disease Con- 
trol-National Heart, Lung, and Blood Institute Lipid 
Standardization Program and serves as a regional net- 
> work reference laboratory for that program. 

After randomization, lipid results are not disclosed to 
patients or to study personnel. To maintain this blind, 
only the coordinating center is able to link central labo- 
ratory measurements to an individual patient. 

In addition to the standard lipid profile, the follow- 
ing analyses will be performed at baseline and periodi- 
cally during follow-up: HDL, and HDL, by differential 
dextran sulfate magnesium precipitation^*; lipoprotein 
(a) by an enzyme-linked immunoabsorbent assay (Teru- 
mo Medical Corporation, Elkton, Maryland); plasma 
insulin, by a double antibody radioimmunoassay“; and 
apolipoproteins A; and B, by immunoturbidometric pro- 
. cedures (INCSTAR Corporation, Stillwater, Minnesota). 
Extra plasma samples will be maintained frozen at - 
70°C in the central laboratory for additional analyses. 

Follow-up: Subjects are seen in the clinic every 3 
months for the duration of the trial (maximum 7 years, 
minimum 5 years). At the first follow-up visit (1 month 
after randomization) patients receive their first formal 
education in the American Heart Association step I diet 
with a particular emphasis on achieving ideal body 
weight. They are also counseled to stop smoking and to 
participate in a regular exercise program. At each sub- 
sequent visit this advice is reinforced. Written and vid- 
eotaped materials are provided to aid in lifestyle educa- 
tion. Dietary habits are monitored annually by a vali- 
dated questionnaire (adapted from the Northwest Lipid 
Research Clinic's Fat Intake Scale). 

Blood for lipids and safety monitoring is obtained 
every 6 months. Once a year a history and physical ex- 
amination are performed and an electrocardiogram ob- 
tained. At every visit inquiry is made about possible ad- 
verse effects, occurrence of end points or other relevant 
clinical occurrences, changes in lifestyle and medica- 
tions, and compliance with study medication. Compli- 
. ance is assessed by tablet count performed without the 
— Subject's knowledge. 








* 224 hours. Phlebotomy is deferred if the patient has ^ 


During follow-up, we will monitor subjects’ affective —— 
states with a standardized questionnaire (the Health In- 
surance Study-General Well-Being Schedule**) in order 
to assess possible changes in mood or behavior that may 
underlie the association between cholesterol reduction 
and increased incidence of violent and accidental deaths 
noted in previous studies.” 

Patients are followed until death, refusal of further 
visits, or the scheduled conclusion of the study. Those 
not taking drugs and those who have sustained a nonfa- 
tal myocardial infarction continue to be followed with 
periodic clinic visits. Patients are asked to continue their 
study medication after a nonfatal myocardial infarction. 

To ensure that patients in this study receive appro- 
priate care should they become significantly hypercho- 
lesterolemic or hypertriglyceridemic during follow-up, 
threshold values for total cholesterol (260 mg/dl) and 
fasting triglycerides (500 mg/dl) have been established. 
Any value above these levels (as measured at the cen- 
tral laboratory) will prompt the coordinating center to 
notify the local principal investigator and request that the 
patient be referred for intensive dietary counseling. Fur- 
ther action is discretionary but discontinuation of study 
medication and/or initiation of other lipid medication is 
discouraged (to minimize ''crossovers"" between the 2 
treatment groups). With an anticipated mean baseline 
total cholesterol of 180 mg/dl and triglycerides of 175 
mg/dl (based on pilot data), we expect that these thresh- 
old values will rarely be exceeded. 

End points: The primary end point is defined as the 


time to occurrence of a nonfatal myocardial infarction. 
or CAD death. Thus, if a patient experiences a myocar- - 
dial infarction followed later by CAD death, the end  - 


point is the time to myocardial infarction; the death will 
be included in the secondary analysis of overall mortali- 
ty. This study was not designed to have sufficient power 


to detect a difference between the treatment groups in 


either all-cause mortality or CAD mortality alone. With 
a sample size of 2,500 (see later), this trial will have - 


only a 50% power to detect a 15% reduction in all-cause - > 


mortality. | 
Explicit criteria for the diagnoses of nonfatal myo- 


cardial infarction and CAD death were developed. 
Myocardial infarctions are diagnosed by a combination |. 
of standard electrocardiographic, cardiac enzyme and =~ 
symptom criteria. Silent myocardial infarctions are in- ` 


cluded and are diagnosed by either the appearance of a 
diagnostic Q wave (Minnesota code patterns ED1 to 450) 
or by the combined presence of an equivocal Q wave 
(Minnesota code patterns EDS to 7°°) plus a doc- 
umented regional wall motion abnormality in the corre- 
sponding anatomic location. CAD death includes fatal 
myocardial infarction, fatal invasive cardiac procedure or 
surgery, and fatal congestive heart failure. Resuscitated 
cardiac arrests are also included provided no non- 
atherosclerotic cause is identified. l 

All primary end points are adjudicated (with use of 
a standard algorithm based on the diagnostic criteria) by 
the end points committee after reviewing relevant clini- 
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-. results. All electroeardiograms are read at a central elec- 
- trocardiographic coding center using the Minnesota 
code?! Follow-up electrocardiograms are read for seri- 
al changes using the baseline electrocardiogram for com- 
parison. 52 

In addition to CAD death and myocardial infarction, 
other relevant clinical occurrences that will be evaluat- 





ed include noncardiac death (in particular death due to 
cancer and violent or accidental causes), unstable angi- 
na, congestive heart failure, coronary artery revas- 
cularization procedures, cerebrovascular and peripheral 
vascular disease. 

Detection of end points occurs through regular fol- 
low-up visits, electrocardiograms obtained annually and 
on report of suspicious symptoms, and routine examina- 
tion of hospital census reports. For patients no longer 
participating in regular follow-up, hospitalizations for 
myocardial infarction at the local site can be detected 
through a computerized database (Patient Treatment 
File). In addition, survival status can be ascertained 
through the Department of Veterans Affairs’ Beneficia- 
ry Identification and Records Locator Subsystem. 

Sample size and trial duration: Sample size for 
comparing the difference between 2 event curves by the 
log- rank statistic was calculated using the method of 
Lakatos?? after accounting for complex trial conditions 
such as time-varymg hazard rates, staggered entry, loss- 
es to follow-up amd noncompliance. A sample size of 
2,500 and a 7-year trial duration (with a 2-year intake 
period) is estimated to provide 90% power to detect a 
20% reduction in the primary end point rate at the 2- 
sided 0.05 significance level. The following assumptions 
were made: (1) cumulative end point rate in the control 
group of 30% over 7 years (based on a literature review 
suggesting an event rate of between 5 and 696/year?^^); 
(2) cumulative noncompliance rate (ie., patient stops 
taking gemfibrozil and does not start a comparable ther- 
apy) of 30% over 7 years (estimate based on the expe- 
rience in the Helsinki Heart Study**); (3) cumulative 
drop-in rate (i.e., control patient starts taking gemfibrozil 
or comparable therapy) of 12% over 7 years; (4) 2-year 
lag before full treatment benefit is observed (as seen in 
comparable trials?^?^); (5) intention-to-treat analysis 
(i.e., a patient is counted in the group to which he was 
randomized regardless of adherence to therapy). 

Sensitivity studies were conducted to evaluate the 
impact of misspecification of design assumptions on 
sample size and power. Even if noncompliance and loss 
to follow-up are substantially higher than predicted, 
there is only a small decrease in power. If the observed 
cumulative end point rate in the control group is 25% 
instead of 30%, the study will still have 85% power. If 
the observed percent reduction in end points is 16% in- 
stead of 20%, the study's power will decline to 75%. If 
the cumulative end point rate in the control group is sub- 
stantially lower than expected, the sample size may have 
to be neraed ar follow-up extended, or both, to 








Data analysis: PRIMARY END POINT: The primary end 
point is defined as the time to occurrence of a nonfatal 
myocardial infarction or CAD death. Two-tailed treat- 








ment comparisons for the primary end Dons will be 
made by the log-rank statistic. Primary treatment com- 
parisons will be made with an intention-to-treat analy- 


sis. Cumulative event rates will be calculated by the — 


product-limit life-table method. The Cox life-table re- 
gression method will be used to calculate estimates of 
relative risk, provided the model fits the data. Signifi- 
cance levels will be set in accordance with the plan for 
monitoring the study (see later). The overall significance 
level will be 5%. 

SECONDARY OBJECTIVES: Cox  proportional-hazard 
models will be used to evaluate the relation between 
HDL cholesterol level and risk of CAD end points while 
adjusting for the effects of other lipids and baseline pa- 
rameters. The effect of gemfibrozil versus placebo on 
lipid levels, both before and after adjustment for base- 
line characteristics, will be evaluated using appropriate 
statistical methods for repeated measures. Effects will be 
examined descriptively for subsets of patients (e.g., age, 
smoking status, 8-blocker use, and so forth). Other rel- 
evant clinical occurrences (see before) will be de- 
scriptively evaluated; this study is not expected to be 
large enough to detect differences bétween treatment 
groups for these events. Statistical analyses of secondary 
hypotheses will be performed at the 196 level of signifi- 
cance to control for multiplicity of comparisons. 

Trial structure and organization:* The HIT was 
planned and is being conducted under the auspices of 
the Cooperative Studies Program of the Department of 
Veterans Affairs Medical Research Service. Twenty 
Department of Veterans Affairs medical centers through- 
out the United States are participating in the trial. The 
Cooperative Studies Program Coordinating Center in 
West Haven, Connecticut coordinates the operation of 
the trial. 

The study group, consisting of the co-chairs, biostat- 
istician, research pharmacist, investigators and consul- 
tants, meets annually to review the trial's progress; its 
Executive Committee makes all decisions regarding op- 
erational aspects of the trial. The Human Rights Com- 
mittee of the Cooperative Studies Program Coordinating 
Center approved the protocol and monitors the trial reg- 
ularly to assure protection of the rights and safety of par- 
ticipants. In addition, the Institutional Review Board at 
each participating center approved the protocol and 
monitors the study. 

The Data Monitoring Board, consisting of 7 experts 
in the fields of cardiology, lipid metabolism, cardiovas- 
cular epidemiology and/or biostatistics, has overall re- 
sponsibility for approving the protocol, monitoring the 
progress of the trial, and analyzing interim data for effi- 
cacy and safety. This group has the authority to recom- 
mend to the Chief of the Cooperative Studies Program 
that the trial be stopped (e.g., for inability to recruit suf- 
ficient patients or for compelling internal or external evi- 
dence of either efficacy Or toxicity). The board has elect- 
ed to monitor the primary end point of the study using 
the method of stochastic curtailment.?9 The study may 
terminate early if the conditional probability of rejecting 


*See Appendix. 
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the n null hypothesis at the scheduled oad of the study, 
given the current data, is above or below prespecified 
< values determined by the board. The monitoring proce- 
dure is a guide for the complex decisions the board must 
make when considering early termination of the study. 
Corporate support: At its first meeting the planning 
committee decided, for the reasons detailed previously. 
to use gemfibrozil for the trial. Parke-Davis (division of 
Warner Lambert Co.) subsequently offered to provide 
the drug, matching placebo, and partial funding for the 
. trial. In accordance with requirements of the Food and 
Drug Administration, the company reviews adverse 
events possibly related to the drug and provides clinical 
monitors who audit data collection at each center. The 
E company has no knowledge of treatment assignments 
-- and no access to lipid results or end points data. The co- 
© chairs, participating investigators, and members of the 
Data Monitoring Board all indicated in writing that they 
have no involvement with the corporate sponsor that 
constitutes a conflict of interest with regard to their par- 
ticipation in this trial. 


- APPENDIX 
. . Participating Department of Veterans Affairs 
Medical Centers: Ann Arbor, Michigan: William 
T Kou,* G. B. John Mancini,* Scott Sample, Nicole 
Champagne; Boston, Massachusetts: William E. 
-. Boden,* Carol Chapin, Dorothy Gilroy, Nancy Aicardi; 
Chicago, Illinois: Mary Ann Papp,* Sue Stanford, 
Sandy Monreal; Cincinnati, Ohio: Laura E. Wexler,* 
Judy Shaffer,* Elizabeth Snow, Karen Johnson; Fresno, 
California: Prakash C. Deedwania,* Eva Murphy, Joyce 
King; Houston, Texas: Douglas L. Mann,* Peter Kuo, 
. Carl Tyler, Donna Espadas; Huntington, West Virginia: 
~ "Robert C. Touchon,* Ken Peart, Mark Babb; Lexington, 
Kentucky: James W. Anderson,* Belinda Smith, Lor- 
raine Buchanan, Jo Ellen Logan; Little Rock, Arkansas: 
i Fred. H; Faas,* Sharon Thomas, Keena Ridings; Long 
; - Beach, California: Moti L. Kashyap,* Nancy Downey, 
- Rebecca Knight, Jahandar R. Saleh; Louisville, Ken- 
tucky: S. Abraham Joseph,* Ellis Samols,* Diane Kinny, 
Loretta Pignatora; Manchester, New Hampshire/White 
River Junction, Vermont: Michael Mayo-Smith,* 
Christopher Nice,* Margaret Carson, Linda Lavoie; 
Memphis, Tennessee: Marshall B. Elam,* Gale Rutan,* 
.. Linda Harris, Judy Pinson, Rhonda Childress; Milwau- 
_ kee, Wisconsin: Gordon Schectman,* Sue Ristow, Carol 
Parker; Minneapolis, Minnesota: Timothy J. Wilt,* 
Linda Schlasner, Debbie Rootes; Portland, Oregon: 
Henry DeMots,* Lori Gray, Susan Bagnoli; Salem, Vir- 
ginia: Ali Iranmanesh,* Douglas C. Russell,* Sara 
Clary, Liza Wertz; San Juan, Puerto Rico: Esteban 
Linares,* Maria S. Velazquez, Maria De Lourdes Cruz; 
Washington, D.C.: Vasilios Papademetriou,* Madeline 
Metcalfe, Patty Dandenau; West Los Angeles, Califor- 
nia: Jerome M. Hershman,* Bramah N. Singh,* Patri- 
cia McCloy, Katherine Goddart. 
Co-Chairs: Department of Veterans Affairs Medical 
Center, Minneapolis, Minnesota: Hanna Bloomfield 
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Rubins (co-chair), Joanne Karvonen; "Depas of 
Veterans Affairs Medical Center, Boston, Massachusetts: 
Sander J. Robins (co-chair). 

Department of Veterans Affairs Cooperative 
Studies Program Coordinating Center: West Haven, 
Connecticut: Dorothea Collins (Chief), Marika K. Iwane 
(study biostatistician, Rae Bartozzi, Cindy Cushing, 
Joan Derrico, Kathy Newvine. 

Department of Veterans Affairs Cooperative 
Studies Program Clinical Research Pharmacy Coor- 
dinating Center: Albuquerque, New Mexico: Mike R. 
Sather (Chief), Carol L. Fye (clinical research pharma- 
cist), Mariann Drago, Roy Fetter, William Gagne. 

Central Lipid Laboratory: Lipid Research Laborato- 
ry Endocrinology Division, Department of Medicine, 
New England Medical Center Hospitals, Boston, Mas- 
sachusetts: Ernst J. Schaefer (Director), Judith R. Mc- 
Namara. 

E jographic Coding Center: University of 
Minnesota, School of Public Health, Division of Epide- 
miology, Minneapolis, Minnesota: Richard S. Crow 
(Director), Cheryl Swanson. 

Nutrition Consultant: Department of Veterans Af- 
fairs. Medical Center, Richmond, Virginia: Kathleen 
Smith. 

Committees: Data Monitoring Board: Thomas A. 
Pearson (Chair), Antonio M. Gotto (Vice Chair), Kent 
R. Bailey, Barry R. Davis, Alfred F Parisi, Basil M. 
Rifkind, Robert Zelis. Executive Committee: Hanna B. 
Rubins and Sander J. Robins (Co-Chairs), William E. 
Boden, Marshall B. Elam, Carol L. Fye, David J. Gor- 
don, Marika K. Iwane, Ernst J. Schaefer Gordon 
Schectman, Timothy J. Wilt, Janet T. Wittes. Endpoints 
Committee: Marshall B. Elam (Chair), Richard Crow, 
Henry DeMots, Esteban Linares, Gale Rutan. Planning 
Committee: Hanna B. Rubins and Sander J. Robins (Co- 
Chairs), William E. Boden, Marshall B. Elam, Carol L. 
Fye, David J. Gordon, Marika K. Iwane, Raj Lakshman, 
Ernst J. Schaefer, Gordon Schectman, Janet T. Wittes. 
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Now you can help increase survival 

and prevent hospitalizations in many 

early symptomatic heart failure patients 
with Left Ventricular Dysfunction 


SOLVD 


Results from the largest and longest 
heart failure trial to date 

are in. And they demonstrate 

that enalapril — usually in 
combination with conventional 
therapy* — is superior to 
conventional therapy alone in 
increasing survival and preventing 
hospitalizations in symptomatic 
mild-to-moderate heart failure with 
left ventricular dysfunction (LVD).' 


SOLVD — a 4-year survival 
study of enalapril in mild- 
to-moderate heart failure 
(n=2569) 


The Studies of Left Ventricular 
Dysfunction (SOLVD) Treatment 
Trial, conducted by the NIH, 
evaluated 2569 heart failure 
patients (98% NYHA Classes I 
through III) with ejection fractions 
«0.35. These patients were selected 
from over 39,000 screened patients. 
(Another 4228 patients who were 
asymptomatic were selected for 

a second SOLVD trial and 6336 
patients with ejection fractions 
«0.45 were included in a registry.) 
Diseases that excluded patients 
from enrollment in the Treatment 
Trial included severe stable 
angina (22 attacks /day), 
hemodynamically significant 
valvular or outflow tract obstruc- 
tion, renal failure (creatinine »2.5 
mg/dL), cerebral vascular disease 
(e.g., significant carotid artery 
disease), advanced pulmonary 


disease, malignancies, active 
myocarditis, and constrictive 
pericarditis. 


This double-blind, placebo- 
controlled, multicenter trial lasted 
4 years (average follow-up was 
41.4 months). All patients received 
conventional therapy and were 
randomized to add either enalapril 
or placebo. 


Patients live longer 


SOLVD demonstrated a clear 
survival benefit for many of these 
symptomatic patients receiving 
enalapril compared with 
conventional therapy alone. AII- 
cause mortality was reduced 11%. 
The largest mortality reduction 
occurred in deaths due to heart 
failure progression...a risk 
reduction of 22%. 


Cumulative Mortality 
„Due to Heart Failure Progression 
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Enalapril « 
conventional 
therapy 

22% risk reduction 





Difference in mortality as early as 
3 months 

Mortality reductions with enalapril 
were observed as early as 3 months 









and throughout the entire study. 
The greatest benefit occurred 
during the first 24 months (19% 
reduction at the end of 24 months). 


Patients hospitalized less 


SOLVD demonstrated that 
enalapril reduced the number of 
hospitalizations for heart failure 
by 3096 (p«0.001) — and that 

it reduced the number of 
readmissions by 3346 (p«0.001). 


The authors noted: for every 
1000 heart failure patients 
similar to those in the study, 
350 hospitalizations could be 
prevented over 3 years by 
adding enalapril. 


The impact on your practice 
and your patients 


By adding VASOTEC early to 
conventional therapy, you can help 
to significantly improve symptoms, 
increase survival, and prevent 
hospitalizations in many of your 
patients with symptomatic mild-to- 
moderate heart failure with LVD. 
The earlier you prescribe VASOTEC 
in appropriate patients, the sooner 
they may realize the benefits 
demonstrated in the SOLVD study. 


VASOTEC 





(ENALAPRIL MALEATE) 
fm 

ape. In Symptomatic 

fh d Heart Failure, 

Usually with 

Diuretics 

and Digitalis 





*Diuretics (86% of patients in the enalapril group; 85% 
in the placebo group) and digitalis (66% of patients in 
the enalapril group; 68% in the placebo group), as 
well as drugs other than ACE inhibitors. 

1. The SOLVD Investigators: Effect of enalapril on 
survival in patients with reduced left ventricular 
ejection fractions and congestive heart failure, N. 
Engl. J. Med. 325(5):293-302, August 1, 1991. 
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VASOTEC is contraindicated in patients 
who are hypersensitive to this product and 
in patients with a history of angioedema 
related to previous treatment with an ACE 
inhibitor. 


For a Brief Summary of Prescribing Information, 
please see the following page. 








USE IN PREGNANCY 


When used in pregnancy during the second 
and third trimesters, ACE inhibitors can cause 
injury and even death to the developing fetus. | 
When pregnancy is detected, VASOTEC 


| should be discontinued as soon as possible. 


See WARNINGS, Fetal/Neonatal Morbidity 


| and Mortality. 





VASOTEC” (ENALAPRIL MALEATE) 


USE IN PREGNANCY: When used in pregnancy during the second and third trimesters, ACE inhibitors 
can cause injury and even death to the developing fetus. When pregnancy is detected, VASOTEC should 
be discontinued as soon as possible. See WARNINGS, FetalNeonatal Morbidity and Mortality. 


Contraindications: VASOTEC is contraindicated in patients who are hypersensitive to this product 
and in patients with a history of angioedema related to previous treatment with an ACE inhibitor. 


Warnings: Angioedema: Angioedema of the face, extremities, lips, tongue, glottis, and/or larynx has been 
reported in patients treated with ACE inhibitors, including VASOTEC. In such cases, VASOTEC should be 
promptly discontinued and appropriate therapy and monitoring should be provided until complete and 
sustained resolution of signs and symptoms has occurred. In instances where swelling has been confined 
to the face and lips, the condition has generally resolved without treatment, aithough antihistamines have 
been useful in relieving symptoms. Angicedema associated with laryngeal edema may be fatal. Where 
there is involvement of the tongue, glottis, or larynx "e to cause airway obstruction, appropriate 
therapy, e.g., subcutaneous epinephriae solution 1:1080 (0.3 mL to 0.5 n and/or measures 
necessary to ensure a patent airway, shouid be promptly provided. (See ADVERSE REACTIONS.) 


Patients with a history of angioedema unrelated to ACE inhibitor cere may be at increased risk of 
angioedema while receiving an ACE inhibitor (see also CONTRAINDICATIONS). 


Hypotension: Excessive hypotension is rare in uncomplicated hypertensive patients treated with VASOTEC 
alone. Patients with heart failure given VASOTEC commonly have some reduction in blood pressure, 
especially with the first dose, but discortmuation of therapy for continuing symptomatic hypotension 
usually is not ES when dosing instructions are followed; caution should be observed when initiating 
therapy. (See DOSAGE AND ADMINISTRATION.) Patients at risk for excessive hypotension, sometimes 
associated with woua and/or progressive azotemia and rarely with acute renal failure and/or death, include 
those with the foliowing conditions or characteristics: heart failure, hyponatremia, high-dose diuretic 
therapy, recent intensive diuresis or increase in diuretic dose, renal dialysis, or severe volume and/or salt 
depletion of any etiology. it may be advisable to eliminate the diuretic (except in patients with heart failure). 
reduce the diuretic dose, or increase salt intake cautiously before initiating therapy with VASOTEC in 
patients at risk for excessive hypotension who are able to tolerate such adjustments. (See PRECAUTIONS, 
Drug interactions and ADVERSE REACTIONS.) ín patients at risk for excessive hypotension, therapy should 
be started under very close medical supervision and such patients shouid be followed closely for the first 
two weeks of treatment and whenever the dose of enalapril and/or diuretic is increased. Similar 
considerations may apply to patients with ischemic heart or cerebrovascular disease, in whom an excessive 
fail in blood pressure could result in a myocardial infarction or cerebrovascular accident. 


if excessive hypotension occurs, the patient should be placed in the supine position and, if necessary, 
receive an intravenous infusion of normal saline. A transient hypotensive response is not a contraindication 
to further doses of VASOTEC, which usually can be given without difficulty once the blood pressure has 
stabilized. if symptomatic hypotension develops, a dose reduction or discontinuation of VASOTEC or 
concomitant diuretic may be necessary. 


Neutropenia/Agranulocytosis: Another ACE iahibitor, captopril, has been shown to cause agranulocytosis 
and bone marrow depression. rarely in uncomplicated patients but more frequently in patients with renal 
impairment, especially if they also have a cellagen vascular disease. Available data from clinical trials of 
enalapril are insufficient to show that enalapril does not cause agranulocytosis at similar rates. Foreign 
marketing experience has revealed several cases of neutropenia or agranulocytosis in which a causal 
relationship to enalapril cannot be excluded. Periodic monitoring of white blood ceil counts in patients with 
collagen vascular disease and renal disease should be considered. 


Fetal/Neonatal Morbidity and Mortality: ACE inhibitors can cause fetal and neonatal morbidity and death 
when administered to pregnant women. Several dozen cases have been reported in the world literature. 
When pregnancy is detected, ACE inhibitors shouid be discontinued as soon as possible. 


The use of ACE inhibitors during the second and third trimesters of pregnancy has been associated with 
fetal and neonatal injury, including hypotension, neonatal skull hypoplasia, anuria, reversible or irreversible 
renal faiture, and death. Oligohydramnios has also been reported, Ae then) resulting from decreased fetal 
renal function: oligohydramnios in this setting has been associated with fetal timb contractures, craniofacial 
deformation, and hypoplastic lung development. Prematurity. intrauterine growth retardation, and patent 
ductus arteriosus have also been reported, although it is not clear whether these occurrences were due to 
the ACE-inhibitor exposure. 


These adverse effects do not appear to have resulted from intrauterine ACE-inhibitor exposure that has been 
limited to the first trimester. Mothers whose embryos and fetuses are exposed to ACE inhibitors only 
during the first trimester should be so informed. Nonetheless, when patients become pregnant, physicians 
should make every effort to discontinue the use of VASOTEC as soon as possible. 


Rarely (probably less often than once in every thousand pregnancies), no alternative to ACE inhibitors will 
be found. in these rare cases, the mothers should be apprised of the potential hazards to their fetuses. and 
serial ultrasound examinations should be performed to assess the intraamniotic environment, 


If oligohydramnios is observed, VASOTEC shauld be discontinued unless it is considered life-saving for the 
mother. Contraction stress testing (CST), a non-stress test (NST). or biophysical profiling (BPP) may be 
appropriate, depending upon the week of pregnancy. Patients and physicians should be aware, however, 
that oligohydramnios may not appear until after the fetus has sustained irreversible injury. 





"'snfants with histories of in utero exposure ta ACE inhibitors should be closely observed for hypotension, 


oliguria, and hyperkalemia. if oliguria occurs, attention should be directed toward support of blood pressure 
and renal perfusion. Exchange transfusion or dialysis may be required as means of reversing hypotension 
and/or substituting for disordered renal function. Enalapril, which crosses the placenta, has been removed 
from neonatal circulation by peritoneal dialysis with some clinical benefit, and theoretically may be removed 
by exchange transfusion, although there is no experience with the latter procedure. 


No teratogenic effects of enalapril were seen in studies of pregnant rats and rabbits. On a mg/kg basis, the 
doses used were up to 333 times (in rats) and SC times (in rabbits) the maximum recommended human dose. 


Precautions: General: Impaired Renal Function: As a consequence of inhibiting the renin-angiotensin- 
aldosterone pee changes in renal function may be anticipated in susceptible individuals. in patients with 
severe heart failure whose renai function may depend on the activity of the renin-angiotensin-aldosterone 
system, treatment with ACE inhibitors, incleding VASOTEC, may be associated with oliguria and/or 
progressive azotemia and rarely with acute renal failure and/or death. 


in clinical studies in hypertensive patients with unilateral or bilateral renal artery stenosis. increases in blood 
urea nitrogen and serum creatinine were observed in 20% of patients. These increases were almost always 
reversible upon discontinuation of enalapril and/or diuretic therapy. In such patients, renal function should 
be monitored during the first few weeks of therapy. 


Some patients with hypertension or heart failure with no apparent preexisting renal vascular disease have 
developed increases in blood urea and serum creatinine, usually minor and transient, especially when 
VASOTEC has been given concomitantly with a diuretic. This is more likely to occur in patients with preexisting 
renal impairment, Dosage reduction and/or discontinuation of the diuretic and/or VASOTEC may be required. 


Evaluation of patients with d or heart failure should always include assessment of renal 
function. (See DOSAGE AND ADMINISTRATION.) 


Hemodialysis Patients: Anaphylactoid reactions have been reported in patients dialyzed with high-flux 
membranes (e.g., AN 69") and treated concomitantly with an ACE inhibitor. in these patients consideration 
should be given to using a different type of dialysis membrane or a different class of antihypertensive agent. 


Hyperkalemia: Elevated serum potassium (»5.7 mEq/L} was observed in approximately 1% of hypertensive 
patients in clinical trials. in most cases these were isolated values which resolved despite continued therapy. 
Hyperkalemia was a cause of discontinuation of therapy in 0.28% of hypertensive patients. in clinical trials in 
heart failure, hyperkalemia was observed in 3.8% of patients, but was not a cause for discontinuation. 


Risk factors for the development of hyperkalemia include renal insufficiency. diabetes mellitus, and the 
concomitant use of potassium-sparing diuretics. potassium supplements, and/or potassium-containing sait 
substitutes, which should be used cautiously, if at all, with VASOTEC. (See Drug Interactions.) 


Cough: Cough has been reported with the use of ACE inhibitors. Characteristically, the cough is 
nonproductive, persistent and resolves after discontinuation of therapy. ACE inhibitor-induced cough should 
be considered as part of the differential diagnosis of cough. 


Surgery/Anesthesia: in patients undergoing maior surgery or during anesthesia with agents that produce 
hypotension. enalapril may block angiotensin ‘| formation secondary to compensatory renin release. If 
hypotension occurs and is considered to be due fo this mechanism, it can be corrected by volume expansion. 
Information for Patients: Angioedema: Angicedema, including laryngeal edema. may occur especially 
following the first dose of enalapril. Patients shouid be so advised and told to report immediately any signs 
or wd suggesting angioedema (swelling of face, extremities, eyes, lips, tongue, difficulty in 
swallowing or breathing) and to take no more drag until they have consulted with the prescribing physician. 
Hypotension: Patients should be cautioned to report lightheadedness, especially during the first few days of 
therapy. If actual syncope occurs, the patients should be told to discontinue the drug until they have 
consulted with the prescribing physician. 


“Registered trademark of Hospai Ltd. 






Ail patients should be cautioned that excessive perspiration and dehydration may lead to an excessive fall in 
bloog pressure because of reduction in fluid volume. Other causes of volume depletion such as vomiting or 
diarrhea may also lead to a fall in blood pressure; patients should be advised to consult with the physician. 


Hyperkalemia: Patients should be told not to use salt substitutes containing potassium without consulting 
their physician. 


Neutropenia: Patients should be told to report promptly any indication of infection (e.g.. sore throat, fever) 
which may be a sign of neutropenia. 


Pregnancy: Female patients of childbearing age should be told about the consequences of second- and 
third-trimester exposure to ACE inhibitors, and they should also be told that these consequences do not 
appear to have resulted from intrauterine ACE-inhibitor exposure that has been limited to the first trimester. 
These patients should be asked to report pregnancies to their physicians as soon as possible. 


NOTE As with many other drugs, certain advice to patients being treated with enalapril is warranted. This 
information is intended to aid in the safe and effective use of this medication. it is not a disclosure of all 
possible adverse or intended effects. 


Drug Interactions: Hypotension: Patients on Diuretic Therapy: Patients on diuretics and especially those in 
whom diuretic therapy was recently instituted may occasionally experience an excessive reduction of blood 
pressure after initiation of therapy with enalapril. The possibility of D effects with enalapril can be 
minimized by either discontinuing the diuretic or increasing the salt intake prior to initiation of treatment 
with enalapril. if it is necessary to continue the diuretic. provide close medical supervision after the initial 
dose for at least two hours and until blood TE has stabilized for at least an additional hour. (See 
WARNINGS and DOSAGE AND ADMINISTRATION.) 


Agents Causing Renin Release: The antihypertensive effect of VASOTEC” (Enalapril Maleate) is augmented 
by antihypertensive agents that cause renin release (e.g., diuretics). 


Other Cardiovascular Agents: VASOTEC has been used concomitantly with beta-adrenergic-blocking agents, 
methyidopa, nitrates, calcium-blocking agents. hydralazine, prazosin, and digoxin without evidence of 
clinicaily significant adverse interactions. 


Agents Increasing Serum Potassium: VASOTEC attenuates potassium loss caused by thiazide-type 
diuretics. Potassium-sparing diuretics (e.g.. spironolactone, triamterene, or amiloride), potassium 
supplements, or potassium-containing salt substitutes may lead to significant increases in serum 
potassium. Therefore, if concomitant use of these agents is indicated because of demonstrated 
hypokalemia, they should be used with caution and with frequent monitoring of serum potassium. 
Potassium-sparing agents should generally not be used in patients with heart failure receiving VASOTEC. 


Lithium: Lithium toxicity has been reported in patients receiving lithium concomitantly with drugs which 
cause elimination of sodium, including ACE inhibitors. A few cases of lithium toxicity have been reported in 
patients receiving concomitant VASOTEC and lithium and were reversible upon discontinuation of both 
drugs. it is recommended that serum lithium levels be monitored frequently if enalapril is administered 
concomitantly with lithium. 


Pregnancy: Pregnancy Categories C (first trimester) and D (second and third trimesters). See WARNINGS, 
Fetal/Neonatal Morbidity and Mortality. 


Nursing Mothers. Enalapril and enalaprilat are detected in human milk in trace amounts. Caution should be 
exercised when VASOTEC is given to a nursing mother. 


Pediatric Use: Safety and effectiveness in children have not been established. 


Adverse Reactions: VASOTEC has been evaluated for safety in more than 10,000 patients, including over 
1000 patients treated for one year or more. VASOTEC has been found to be generally well tolerated in 
controlled clinical triais involving 2987 patients. 


HYPERTENSION, The most frequent clinical adverse experiences in controlled trials were: headache (5.2%). 
dizziness (4.3%}, and fatigue (3%). 

Other adverse experiences occurring in greater than 1% of patients treated with VASOTEC in controlled 
clinical trials were: diarrhea (1.495), nausea (1.4%), rash (1.496), cough (1.3%), orthostatic effects (1.2%), 
and asthenia (1.195). 


HEART FAILURE: The most frequent clinical adverse experiences in both controlled and uncontrolled trials 
were: dizziness a hypotension (6.7%), orthostatic effects (2.2%), syncope (2.2%). cough (2.2%), 
chest pain (2.175), and diarrhea (2.195). 


Other adverse experiences occurring in greater than 1% of patients treated with VASOTEC in both controlled and 
uncontrolled clinical trials were: fatigue (1.8%), headache (1.8%), abdominal pain $ 6%), asthenia (1.6%), 
orthostatic hypotension (1.6%), vertigo (1.6%), angina pectoris (1.5%), nausea (1.3%), vomiting (1.396), 
bronchitis (1.3%), dyspnea (1.3%), urinary tract infection (1.36), rash (1.3%), and myocardial infarction (1.295). 

Other serious clinical adverse experiences occurring since the drug was marketed or adverse experiences 
occurring in 0.5% to 1% of patients with hypertension or heart failure in clinical trials in order of decreasing 
severity within each category: 

Body As A Whole: Anaphylactoid reactions (see PRECAUTIONS, Hemodialysis Patients). 


Cardiovascular: Cardiac arrest; myocardial infarction or cerebrovascular accident, possibly secondary to 
excessive hypotension in high-risk patients (see WARNINGS. Hypotension), pulmonary embolism and 
infarction: pulmonary edema; rhythm disturbances including atrial tachycardia and bradycardia: atrial 
fibrillation; palpitation. 


Digestive: lleus, pancreatitis, hepatic failure, hepatitis (hepatocellular [proven on rechallenge] or cholestatic 
jaundice’, melena, anorexia, dyspepsia, constipation, glossitis, stomatitis, dry mouth. 


Musculoskeletal: Muscle cramps. 
Nervous Psychiatric. Depression, confusion, ataxia, somnolence, insomnia, nervousness, paresthesia. 
Respiratory: Bronchospasm, rhinorrhea, sore throat and hoarseness, asthma, upper respiratory infection. 


Skin: Exfoliative dermatitis, toxic epidermal necrolysis, Stevens-Johnson syndrome, herpes zoster, 
erythema multiforme, urticaria, pruritus, alopecia. flushing, diaphoresis. 


Special Senses: Blurred vision, taste alteration, anosmia, tinnitus, conjunctivitis, dry eyes, tearing. 


Urogenital: Renal failure, oliguria, renal dysfunction (see PRECAUTIONS and DOSAGE AND 
ADMINISTRATION), flank pain, gynecomastia, impotence. 


A symptom complex has been reported which may include a positive ANA, an elevated erythrocyte 
sedimentation rate, arthralgia/arthritis, myalgia, fever, serositis, vasculitis, leukocytosis, eosinophilia, 
photosensitivity, rash, and other dermatologic manifestations. 


Angioedema: Angioedema has been reported in patients receiving VASOTEC (0.2%). Angioedema 
associated with laryngeal edema may be fatal. if angioedema of the face, extremities, lips, tongue, glottis, 
and/or larynx occurs, treatment with VASOTEC should be discontinued and appropriate therapy instituted 
immediately. (See WARNINGS.) 


Hypotension: In the hypertensive patients, hypotension occurred in 0.9% and syncope occurred in 0.5% of 
patients following the initial dose or during extended therapy. Hypotension or syncope was a cause for 
discontinuation of therapy in 0.1% of hypertensive patients. In heart failure patients, hypotension occurred 
in 6.7% and syncope occurred in 2.2% of patients. Hypotension or syncope was a cause for discontinuation 
of therapy in 1.9% of patients with heart failure. (See WARNINGS.) 


Fetal/Neonatal Morbidity and Mortality: See WARNINGS, Fetal/Neonatal Morbidity and Mortality. 
Cough: See PRECAUTIONS. Cough. 
Clinical Laboratory Test Findings: Serum Electrolytes: Hyperkalemia (see PRECAUTIONS), hyponatremia. 


Creatinine, Blood Urea Nitrogen: in controlled clinical trials, minor increases in blood urea nitrogen and 
serum creatinine, reversible upon discontinuation of therapy, were observed in about 0.2% of patients with 
essential hypertension treated with VASOTEC alone. increases are more likely to occur in patients receiving 
concomitant diuretics or in patients with renal artery stenosis. (See PRECAUTIONS.) in patients with heart 
failure who were also receiving diuretics with or without digitalis, increases in blood urea nitrogen or serum 
creatinine, usually reversible upon discontinuation of VASOTEC and/or other concomitant diuretic therapy, 
were observed in about 11% of patients. Increases in blood urea nitrogen or creatinine were a cause for 
discontinuation in 1.2% of patients. 


Hemoglobin and Hematocrit: Small decreases in hemoglobin and hematocrit (mean decreases of 
approximately 0.3 g % and 1.0 vol 9e, respectively) occur frequently in either hypertension or congestive 
heart failure patients treated with VASOTEC but are rarely of clinical importance unless another cause of 
anemia coaxists. in clinical trials, less than 0.1% of patients discontinued therapy due to anemia. 


Other (Causal Relationship Unknown). in marketing experience, rare cases of neutropenia, 
thrombocytopenia, and bone marrow depression have been reported. A few cases of hemolysis have been 
reported in patients with GGPD deficiency. 


Liver Function Tests: Elevations of liver enzymes and/or serum bilirubin have occurred. 
For more detailed information, consult your Merck Representative or see Prescribing Information, 


Merck & Co., Inc., West Point, PA 19486. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Comparison of Effects 
Pindolol on Sinus Rate 


of Propranolol Versus 
and Pacing Frequency 


in Sick Sinus Syndrome 


S. Adam Strickberger, MD, R. David Fish, MD, Gervasio A. Lamas, MD, 
Catherine Cantillon, RN, Satinder Bhatia, MD, Noreen McGowan, RN, 
Elliott M. Antman, MD, and Peter L. Friedman, MD, PhD 


| Beta blockers in patients with sick sinus syn- 

. drome (SSS) may prevent supraventricular 

arrhythmias, systemic hypertension and myocar- 

dial ischemia, but may cause excessive depres- 

sion of sinus node function. In 8 patients with 
sss and a permanent pacemaker, the effect of 

; chronic oral pindolol on sinus rate and pacing fre- 

 quency was Somnee with that of pr ol in 

ouble-blind crossover trial. In all patients the 

icemaker was programmed to a rate of <50 
ts/min. Holter monitors, obtained at baseline 

on each drug, were used to calculate peak 

. amin ulatory sinus rate, number of paced beats 

: -per day, maximal number of paced beats per 

- hour, and percentage of hours with paced beats. 

me peak sinus rate with pindolol therapy was 

24% higher than with propranolol (p = 0.001). 
























uring pindolol therapy, the number of paced 
- beats per day and maximal paced beats per hour 
are ae iced. 54% (p = 0.04) and 61% (p= 






for tachycarc ia, systemic hypertension or angina 
pe storis may have less bradycardia when treated 
l with pindolol rather than propranolol. Beta block- 
ers like pindolol, which cause less sinus node 
depression, may obviate the need for prophylac- 
tic permanent pacemakers in peene m SSS, 
and may help to prevent chr incon 
-tence and pacemaker syndrome i in patients 
-already treated with a VVI device. | 

i (Am J Cardiol 1993;71:53-56) 
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"require therapy for atrial arrhythmias, systemic 


pss: with sick sinus syndrome (SSS) sometimes 
B- 


hypertension or myocardial ischemia. Whereas 


adrenergic blocking drugs have proven value in treating. 
these problems, B blockers may also prolong sinus cycle = 
length and sinus node recovery times, exacerbate brady-- 
cardia, and cause chronotropic incompetence in patients ~ 


with SSS.? A B blocker without these adverse effects 
would be a desirable therapeutic agent. Theoretically, B 
blockers like pindolol with intrinsic sympathomimetic 
activity should cause less depression of sinus node func- 
m d P blockers like propranolol Pinon intrinsic 


Say ee in patients with SSS have r never E com- 
pared. Therefore, to test this hypothesis we studied the 
effects of pindolol and propranolol in patients with SSS 
using a prospective, randomized, double-blind, crossover 
study design. 


METHODS 

Eight patients with SSS and permanent programma- 
ble pacemakers followed by the Arrhythmia Service at 
the Brigham and Women's Hospital were enrolled in a 
research protocol approved by the Committee for the 
Protection of Human Subjects from Research Risks. 
Each patient gave informed consent at the time of en- 
roliment. 

Patient selection: Patients aged 221 years who 
were previously treated with a permanently implanted 
rate programmable pacemaker for SSS and who could 
tolerate a programmed rate of <50 beats/min were eli- 
gible for the protocol. Patients enrolled in the study had 


undergone implantation of a permanent pacemaker 23 


weeks and as long as 4 years before entry in the study. 
Patients were excluded if there was a history of acute 


myocardial infarction within 6 months, congestive heart 


failure, unstable angina, insulin-dependent diabetes mel- 
litus, aortic stenosis, alcohol or drug abuse, asthma or 
chronic obstructive pulmonary disease, or uncontrolled 
hypertension. Patients treated concomitantly with B- and 
a-blocking agents antiarrhythmic agents, verapamil, 
monoamine oxidase inhibitors, adrenolytic drugs, or 


psychotropic agents also were excluded from the study... 
Study design: The study consisted of a 7-week trial = 

plus an initial 1 week washout period (Table D. At the =~ 

beginning of the 1-week washout phase, each patients — 


pacemaker was programmed to 50 pulses/min, or more 
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Initial —Ó— 
Washout Active. — 
Period Randomization* Treatment. 


-it 


Sequence 1 Pindolol, 5 mg capsule TID 

Sequence 2 Propranolol 40 mg capsule TID 
teen Double-blind ———————-— 

*Pacemaker programmed to ace < 50 pulses/min. 


tContinuous Holter ec J (48 hours) at the conclusion of this week. 
TID = Three times daily. 


TABLE ll. Patient Profiles 


CABG = status after coroary artery bypass grafting surgery; CAD = coronary artery 
disease documented by coronary angiography; DM = diabetes mellitus; SH = systemic 
hypertension; + = present; 2 = absent. 


slowly for patients. with intrinsic heart rates less than this 
rate. At the end of the washout period and upon satis- 
fying the entry criteria qualified patients were entered 
into the protocol and then were randomly assigned to 
sequence | or 2. Patients assigned to sequence | re- 
ceived pindolol (5 mg capsule orally, 3 times daily) dur- 
ing period I active treatment (weeks 1 to 2) and then 
propranolol (40 mg capsule orally, 3 times daily) during 
period II active treatment (weeks 5 to 6). Patients as- 
signed to sequence 2 received pindolol and propranolol 
in the reverse order. After each active treatment period 
the drugs were tapered over several days. After period I 
drug taper, patients were treated for 1 week with place- 
bo (1 capsule orally, 3 time daily). The study medica- 
tions were administered in a double-blind manner, and 
placebo was administered in single-blind fashion. The 
study was concluded with period II active treatment 
(weeks 5 to 6), and then with the period II drug taper 
(week 7). Patients underwent 2 sequential 24-hour 
Holter monitor recordings (Picker International, model 
7300, Bedford, Massachusetts) on the last 2 days of the 
initial washout period and the last 2 days of each active 
treatment period. A Del Mar Avionics (model 9401, Ir- 
vine, Cali fornia) Holter monitor analysis and printing 
system was used. The entire printout of all Holter moni- 
tor recordings were manually evaluated for paced beats 
by experienced Holter technicians. The minimal and 
maximal ambulatory sinus heart rate, total number of 
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Active 
Treatment 


Placebo 
Washout 








Propranolol, 40 mg capsule TID 
Pindolol, 5 mg capsule TID 
t Double-blind ——— 


| Placebo, 1 capsule TID 
"Placebo, 1 capsule TID 
+- Single-blind —~ 



















paced beats per day, average paced beats per hour, min- 
imal and maximal paced beats per hour, and percentage 
of hours with paced beats were then calculated. Base- 
line physical examination, electrocardiogram, chest x- 
ray and standard laboratory examinations were obtained 
at week 1 (Table D). Cardiovascular evaluations, electro- 
cardiograms, concomitant medical therapy, patient's 
symptom report and adverse reactions were obtained at 
the conclusion of each treatment phase. 

Data analysis: Holter monitoring data under differ- 
ent treatment conditions were examined by an analysis 
of variance with repeated measures. Statistical signifi- 
cance of differences in heart rate and pacing parameters 
were then determined by paired : test. A p value <0.05 
was considered significant («0.0167 after Bonferroni cor- 
rection for multiple comparisons). 


RESULTS 

Clinical characteristics: Clinical profiles of the 8 
study subjects are summarized in Table II. Of the 3 
patients with coronary artery disease, 2 had remote cor- 
onary artery bypass grafting surgery and 1 had stable 
angina. Two patients had non-insulin-dependent dia- 
betes. 

Serial Holter examinations: Mean heart rate and 
mean pacing data are summarized in Table III. Mean 
peak ambulatory heart rate (+ standard deviation) dur- 
ing usual daily activities was 82 + 19 in the baseline 
state, 62 + 9 during propranolol therapy, and 77 + 14 
during pindolol treatment. The heart rate reduction dur- 
ing propranolol therapy compared with baseline was sta- 
üstically significant (p «0.01), whereas the reduction 
with pindolol therapy was not (p = 0.18). The mean 
peak ambulatory heart rate was 24% greater with pin- 
dolol than with propranolol (p = 0.001). Compared with 
baseline, treatment with propranolol was not associated 
with a greater total number of paced beats per day. How- 
ever, during pindolol therapy patients had 54% fewer 
paced beats per day than during propranolol therapy 
(p = 0.04). When patients were treated with pindolol 
the maximal number of paced ventricular beats per hour 
was 61% less during the baseline period or during pro- 
pranolol treatment (p = 0.04 and 0.02, respectively). 
There was also a trend suggesting that patients were 
paced in 1496 more of the hours during the baseline state 
and 34% more during propranolol therapy than during 
pindolol treatment (p = 0.07 and 0.09, respectively). 
There was no difference in the minimal ambulatory 
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“The theoretical benefit of therapy with B blockers 
with ‘intrinsic sympathomimetic activity, like pindolol, 
relates to the positive chronotropic effects of these 
agents in vitro? and in various disease states.’"!! Beta 
blockers with intrinsic sympathomimetic activity dem- 
onstrate positive chronotropic effects on isolated atrial 
tissue. These agents tend to increase slightly low pre- 
treatment heart rates and slightly lower rapid pretreat- 

_ ment heart rates in patients with coronary artery disease 
or hypertension.’® Nocturnal bradycardia, which is 
~ ag, gravated by conventional B blockers, is improved by 

B blockers that have intrinsic sympathomimetic activi- 

- ty?-!! Bradycardia in patients with atrial fibrillation with 
-rapid ventricular response rates is a common adverse 
effect of medical therapy. However, there is only limit- 
ed published experience with B blockers with intrinsic 
sympathomimetic activity for prevention of excessive 
bradycardia in this patient population.!?-^ Additionally, 
some patients with sinus node dysfunction have dem- 
-onstrated reduced pacemaker dependency when treated 
- with pindolol rather than a placebo.!> This study is the 
. hrs to demonstrate that treatment of SSS patients with 
IS B. blocker that possesses intrinsic sympathomimetic 
. activity may result in less bradycardia than treatment 
~ with a conventional B blocker. 
.. The dose of propranolol (120 mg/day) and pindolol 
.. (45 mg/day) used in the present study were chosen to 
-. provide approximately equal degrees of B-adrenergic re- 
| eptor blockade, based on published reports that pindo- 
~ lol is 5 to 10 times more potent a 8 blocker than pro- 
-. pranolol.!© The doses used in this study are also similar 
E the usual starting doses of these drugs as they are 
. used clinically. Whether the diminution of bradycardia 
1 elderly patients taking pindolol that was observed in 
- the present study would also be observed in younger 
-= persons or with different doses of pindolol and propran- 
< olol cannot be inferred from our data. Our data are also 
— limited by the small sample size and need to be con- 
firmed by larger studies. The results suggest that patients 
with SSS who require B-blocker therapy to control 
tachycardia, systemic hypertension or angina may bene- 
fit from treatment with a B blocker like pindolol. It is 
yu possible that. pacemaker syndrome and chronotropic 
- incompetence in SSS patients with VVI pacemakers 
may be avoided with pindolol therapy. Additionally, 

some patients with SSS who require treatment with a B 

blocker may be able to avoid prophylactic permanent 

pacemaker implantation altogether if an agent with in- 
trinsic sympathomimetic activity was used. 
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n: ventricular tachycardia (VT) is an 
. importar indicator of outcome in pa- 
| features of nonsustained VI were examined by 

obtaining a derived 12-ead electrocardio, 

(ECG) from a 24-hour Holter recording in 22 pa 














nary artery disease. A total of 60 nonsustained VT 

us episodes were recorded. Of these, 20 were uni- 

_ form and 40 were multiform. The mean rate of uni- 
nisodes was faster (140 + 32 vs 124 de 16 
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evaluate the clinical importance of these findings. 
(Am J Cardiol 1993;71:57-62) 
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^n a recent report, Drew et al! evaluated the accura- 

cy of the derived 12-lead electrocardiogram (ECGp) 

in the diagnosis of wide QRS complex tachycardia 
induced during cardiac electrophysiologic studies. In this 
study the derived 12-lead recording was helpful in es- 
tablishing an accurate diagnosis of the mechanism of the 
tachycardia and also in demonstrating that the induced 
arrhythmia was similar to the spontaneously occurring 
tachycardia. The recently concluded Cardiac Arrhythmia 
Suppression Trial heightened the interest in the presence 
of nonsustained ventricular tachycardia (VT).? The role 
of electrophysiologic studies in the evaluation of patients 
with nonsustained VT is currently under study.^ How- 
ever, there is only limited information on the morpho- 
logic characteristics of nonsustained VT. The lack of — 
information is due to the limited number of CRUCE 2 


diographic leads that are available during monitoring. | d 


In the present report we examined the morphologic fea- 
tures of nonsustained VT by reviewing the ECGp find- 
ings in 22 patients who demonstrated 1 or more episodes 7 
of nonsustained VT on 24-hour Holter monitoring 
obtained with a 3-lead recording system. 


METHODS 

A total of 60 nonsustained VT episodes were ana- 
lyzed in 22 patients (10 women and 12 men, mean age 
+ SD 72.5 + 10 years [range 48 to 93 years]) undergo- 
ing 24-hour Holter monitoring at St. Paul-Ramsey Med- 
ical Center. All patients had coronary artery disease, and 
were in a clinically stable condition. Patients with acute 
myocardial infarction, significant electrolyte abnormali- 
ties or drug toxicity were not included. All but 2 
patients, who had atrial fibrillation, were in sinus rhythm 
during the recording. 

Holter recordings were obtained using the recording 
and analysis system developed by Zymed (model 1210, 
Zymed Medical Instrumentation, Camarillo, California). 
The recorder has 3 recording channels and the scanner 
can generate a derived 12-lead ECG on any section of 
the 3-channel recording. The ECGp is a mathematic 
construct of a standard ECG, based on a 3 orthogonal 
lead system." 5-7 The lead system uses the E, A, I elec- 
trode positions of the Frank vectorcardiographic leads 
and an electrode S positioned over the upper end of the 
sternum.?-7 The method has been published in detail by. 
Dower et al.5-’ The technician scanning the Holter tape 
obtains ECGp on specific segments of the tape on — 
request from the cardiologist reviewing the Holter find- _ 
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by a computer-assist- 200 beats/min. Nine patients had single epi ! 
rator interaction during processing. had multiple episodes (2 to 8) recorded. There were 40- 
| : Nonsustained VT was defined as 3 con- episodes of multiform and 20 episodes of uniform non- 
.  Secutive ventricular premature complexes with an aver- — sustained VT. 

. age rate of 2100 beais/min.* Nonsustained VT episodes Uniform nonsustained ventricular tachycardia: 
| were defined as multiform when the QRS complexes There were 20 episodes of uniform nonsustained VT, 
. during the episode of VT exhibited a different bundle and 9 had left bundle branch block morphology. Six 
branch block pattern or when they had a different (230?) (75%) of these had a frontal plane QRS axis directed to- 
frontal plane axis. A nonsustained VT episode was defined the upper right quadrant (+180° to —90?). Of the re- 

as uniform if the QRS complexes during the VT exhib- maining 3 episodes of nonsustained VT 2 had left-axis 

ited similar bundle branch block pattern and frontal deviation (<-30° to —909) and 1 had normal QRS axis 
plane QRS axis. In patients with multiple (21) episodes — (2—30? to +90°). Eleven episodes showed right bundle 

of nonsustained the morphology of the individual branch block conduction pattern. Six (55%) of these had 

| QRS complexes of each episode was evaluated and frontal plane axis directed to the upper right quadrant. 
> compared. Nonsustained VT with uniform morphology The remaining 5 episodes of uniform nonsustained VT 
- was defined as irregular if adjacent cycles varied >50%. had a normal frontal plane QRS axis. The average rate 
of the uniform nonsustained VT was 140 + 32 beats/min 

RESULTS (range 100 to 200). Mean duration was 5.3 + 2.0 beats 

| The length of nonsustained VT episode ranged from (range 3 to 10). Six (30%) episodes showed an irregu- 
3 to 10 beats and the average rate varied from 100 to lar rate resembling atrial fibrillation (Figure 1). Four of 
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these had rates 120 beats/min. Nonsustained VT began episodes showed this pattern; type III — the | 
with a fusion beat in 2 episodes. There was no R or T QRS complexes have similar configuration and all sub 
initiation seen. sequent complexes have another QRS morphology (Fig- 
Multifonn nonsustained ventricular tachycardia: ure 4). Two (6%) episodes demonstrated this pattern; 
ere were 40 episodes of multiform nonsustained VT. type IV — the QRS complexes have alternating QRS » 
The average rate of multiform nonsustained VT was 124 morphologies (Figure 5). Four (9%) episodes had this 
+ 16 beats/min (range 100 to 160). Mean duration was pattern. The remaining 3 episodes did not conform to 
4.0 + 1.0 beats (range 3 to 8). The morphologic features any of the above-described patterns. One episode was 
of each QRS complex was examined. Thirty-five of the initiated with a ventricular fusion beat. There was no R 
40 episodes (8796) had only 2 different QRS morpho- or T initiation seen. 
logic features on the derived 12-lead ECG in each run, Multiple nonsustained ventricular tachycardia: 
irrespective of the duration of the multiform nonsus- Thirteen patients (59%) had multiple nonsustained VT 
tained VT episode. Four episodes had 3 different QRS episodes. One patient had only uniform nonsustained 
configurations and 1 episode had 4 different morphologies. VT with 2 different morphologies. Five patients had 






Bag 





e found 4 unique patterns of QRS morphologies with- only multiform nonsustained VT. The number of differ- 








~ in individual multiform nonsustained VT runs: type 1 — ent QRS morphologies for individual patients varied 





-othe QRS of the initial complex has 1 morphology and from 2 to 4 (2 patients had 2 different, 2 had 3 differ- 
all subsequent complexes have another configuration ent, and 1 had 4 different morphologies). All patients 
(Figure 2). Eight (23%) episodes had this pattern; type had 22 different patterns of nonsustained VT. Seven 
Il — the initial and the terminal QRS complex of the patients had both uniform and multiform nonsustained 
run has similar configuration (Figure 3). Eighteen (51%) VT. The number of different QRS morphologies for in- 
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- disease, multiform episodes appear to be more frequent these episodes frequently varies. It is suggested that the 

~ than uniform nonsustained VT. Multiform episodes are induced nonsustained VT be compared with the sponta- 
shorter in duration and slower in rate than the uniform neously documented nonsustained VT by examining its 
runs. Uniform nonsustained VT can show marked vari- morphologic characteristics using the ECGp recording. 
ation in RR intervals resembling atrial fibrillation (Fig- | 

. ure 1). Most multiform nonsustained VT runs have only 

..2. different QRS morphologies within the episode. We 
identified 4 distinct patterns of QRS morphologies with- REFERENCES 
in individual multiform nonsus VT runs. Most 1. Drew BJ, Scheinman MM, Evans GT Jr. Comparison of a vectorcardiographi- 
(87%) nonsustained VT runs were represented by 1 of cally derived 12-lead electracardiogram during wide QRS complex tachycardia, and 


: . : its potential application for continuous bedside monitoring. Am J Cardiol 
these 4 patterns (Figures 2 to 5). The explanation or clin- — 1992,69:612-618. 


ical significance for these patterns is unclear. Type land 2 Denes P, Gillis AM, Pawitan Y, Kammerling JM, Wilhelmsen L, Salemo DM, 


. and the CAST Investigators. Prevalence, characteristics and significance of ven- 
Iii patterns may relate to a reentrant mechanism, where- tricular premature complexes and ventricular tachycardia detected by 24-hour con- 


as patterns II and IV may be explained by the existence tinuous electrocardiographic recording in the Cardiac Arrhythmia Suppression Trial 

! s | EE Am J Cardiol 1991:68:387-896. 

) w c firing. | 

of piane foci th ith 2r Te Bi 3. Kowey PR, Taylor JE, Marinchak RA, Rials SJ. Does programmed stimulation 
1 patients with sustain L me morpho Ogy and really help in the evaluation of patients with nonsustained ventricular tachycardia? 
rate of the spontaneously occurring episode was com- Aie ies a share Am jud Hein Ku ses - : 
T A "ES are latis 4. Fisch C, DeSanctis RW, Doge HT, Reeves TJ, Weinberg SL. Guidelines for 
dies bes We induced by programmed stimulation, and ambulatory electrocardiography: a report of the American College of Cardiolo- 
e induced VT was noted to have a configuration and ^ gy/American Heart Association Task Force on assessment of diagnostic and thera- 
rate similar to the spontaneously occurring tachycardia.! ! ae bs nre Pe oo E on ambulatory electrocardiography) 
: ; + L m Coil Cardio 1989; 13 249-298. l 
Our study shows that most patients had 22 episodes of — & Dower GE, Machado HB. XYZ data interpreted by a 12 lead computer program 
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Delayed Restoration of Atrial Fu nction After 
Conversion of Atrial Flutter by Pacing or 
Electrical Cardioversion 
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contribution to ventricular filling was absent in 4 - 
contribution to ventricular filling was small. Atrial 


contribution to transmitral flow improved from 20 


m/s after 1 hour to 0.39 m/s after 24 hours (p 
«0.0001) and improved even further during later 










of atrial flutter to normal sinus rhythm. This 
function occurs also after overdrive pacing and 
can last »1 week. The findings suggest that stas 
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often changing to atrial fibrillation and vice versa.'~? 

_ APhysicians tend to consider flutter as less severe 
than atrial fibrillation, although atrial flutter and ectopic 
atrial tachycardia are less well tolerated" (e.g., the risk 
for fast conduction over the atrioventricular node is 
greater in atrial flutter).? For atrial flutter, no data are 
available concerning the risk for thromboembolism; 


A trial flutter is a frequently observed arrhythmia, 


however, published studies report that patients should 


not receive antithrombotic therapy" Atrial function 
after conversion of atrial fibrillation remains impaired for 
a short duration, and immediate return of atrial mechan- 
ical function has been associated with emboli.5? There- 
fore, we assessed atrial function after conversion of atri- 
al flutter by pacing or electrical cardioversion.!-9.!! A 
secondary goal of the study was to evaluate possible dif- 
ferences in this respect between overdrive pacing and 
electrical cardioversion. 


METHODS 

Patients: A group of 22 patients (mean age 63 + 14 
years) with atrial flutter lasting for >24 hours despite 
treatment with digoxin was studied after giving informed 
consent. Patient data are listed in Table I. The mean 
duration of flutter was 25 + 46 days. The common (or 
typical) form of flutter was present in 19 patients, where- 
as other types were present in the remaining 3. Various 
etiologies were present, including valvular disease in 5 


patients, and other forms of cardiac disease in 8 (hyper- _ E 
tensive heart disease in 3, and coronary artery disease in — 


5). Alcohol abuse was related to the arrhythmia in 2 
patients, chronic obstructive pulmonary disease in 2, 
pneumonia in 1, metastatic pleuritis in 1, and thyroid 
disorder in 2. Idiopathic flutter was diagnosed in 1 case. 
All patients were symptomatic. Only 3 patients were in 
New York Heart Association functional class I. All 
patients were treated with digoxin, and 11 had received 
other antiarrhythmic drugs for the present episode of 
flutter, including amiodarone in 7 cases. The mean ven- 
tricular rate at the time of study entry was 126 + 44 
beats/min. 

Echocardiography: After the baseline echocardio- 
graphic (M-mode and Doppler) study before conversion, 
the Doppler examination was repeated at 1, 6 and 24 
hours, and at 2 and 6 weeks after conversion. The echo- _ 
cardiographic study was performed using a Vingmed 
CFM 750 instrument (Horten, Norway) with a 2-dimen- 
sionally guided, pulsed Doppler module. The initial —— 
evaluation included both a 2-dimensionally guided M- ` 
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TABLE 1 Patient Characteristics and Clinical Data 


No. of pts. 
Men/women 
Age range (year) 
Type | flutter 












Duration of flutter ays) 3-180 
Heart rate (beats/min) 57-207 
New York Heart Association functional classification 

H 10 

Hi 9 
Etiology 

Valvular disease 5 

Other cardiovascular disease 8 

General disease 8 

Normal i 
Left atrial dimension (mm) 35-57 
Fractional shorteninz (95) 8—45 





mode study and a transmitral Doppler flow study. Using 
the parasternal, long-axis, 2-dimensional image for guid- 
ance, M-mode tracing of the left atrium was obtained to 
measure the left atrial diameter, using the leading-to- 
leading edge technique. At the baseline echocardio- 
graphic study, the same technique was used to determine 
end-diastolic and end-systolic internal left ventricular 
dimensions.'^ Transmitral pulsed Doppler examination 
was performed from the apical long-axis view.!? The 
Doppler sample volume was positioned between the tips 
of the mitral valve leaflets, ensuring that the angle 
between the presumed direction of the blood flow and 
` the ultrasound beam was «10 degrees. Maximal veloci- 
ty and velocity time integral of the atrial diastolic filling 
phase were calculated from the spectral Doppler tracing 
when an A wave was identifiable (Figure 1). The per- 
centage of atrial contribution to total diastolic transmi- 
tral flow (or atrial filling fraction) was calculated. Final- 
ly, we used this transmitral Doppler flow spectrum to 





EVOLUTION OF TRANSMITRAL FLOW 


BASE- 
LINE 





24H 


FIGURE 1. 



















determine left ventricular stroke volume and to calculate 
cardiac output. '? 

Cardioversion: Patients were randomized to electri- 
cal cardioversion or overdrive pacing. Conversion was 
performed in the electrophysiologic laboratory in the 
morning. Disopyramide was administered intravenously 
in a dosage of L5 mg/kg over 15 minutes. Administra- 
tion began 25 minutes before general anesthesia (for pa- 
tients randomized to electrical cardioversion) or over- 
drive stimulation. The flow chart of the conversion 
methodology is schematically presented in Figure 2. 

If a patient was randomized to electrical cardiover- 
sion, general anesthesia was administered with propofol 
infusion by an anesthesiologist. A synchronized, direct- 
current shock of 50 J was delivered and repeated if no 
sinus rhythm was obtained. If the second shock was un- 
successful, a 200 J shock was delivered. For patients 
randomized to overdrive pacing, local anesthesia was 
administered with lidocaine in a 196 solution, in the right 
or left femoral groin, to insert a quadripolar pacing 
catheter through the femoral vein in the right atrium 
(preferentially in the atrial appendage). Pacing began at 
arate that was 110% of the recorded flutter rate to ensure 
that capture was present with a rectangular pulse of 2 
ms width and a current strength <10 mA. When capture 
was not obtained, the catheter was moved in the right 
atrium. Pacing was performed at rates of 125% and later 
at 135% of the flutter rate for 30 to 60 seconds until 
sinus rhythm became present. If this was unsuccessful, 
a last attempt was performed at 145% of the flutter rate. 
If no sinus rhythm became present, a 200 J shock was 
administered after general anesthesia, as described pre- 
viously. 

One hour after the first dose of disopyramide, an 
additional intravenous dose of 50 mg was administered 
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with an oral dose of 250 mg of a long-acting prepara- 
tion. This was then continued twice daily. Digoxin was 
continued, and if a patient had side effects of disopyra- 
mide, the drug was discontinued. 

Clinical follow-up: Clinical examination and elec- 
trocardiography to document sinus rhythm were per- 
formed at the same intervals as the echocardiographic 
evaluations. 

Statistical methods: Descriptive data are presented 
as mean and SD of the mean. Ranges are provided in 
Table I. A nonparametric rank test was used to compare 
paired data. If data were missing (e.g., echocardio- 
graphic values of follow-up period, if atrial fibrillation 
occurred), only paired data were considered. 


RESULTS 

Conversion to sinus rhythm: Ten patients were 
randomized to pacing, and 12 to electrical cardioversion. 
After infusion of the initial dose of disopyramide, flut- 
ter cycle length increased from 206 + 33 to 254 + 66 
ms (p <0.0001). The cycle length of the ventricular rate 
decreased from 547 + 229 to 539 + 154 ms (p <0.05). 
All patients achieved sinus rhythm during the procedure 
without complications. 

Of 10 patients treated with pacing, 6 achieved sinus 
rhythm; of 12 treated with electrical cardioversion, 6 
were converted with one 50 J shock, and 1 with two 50 
J shocks. Of 9 patients with an unsuccessful initial 
treatment, 8 were converted with 200 J, and 1 with a 50 
J shock. 

Hemodynamic assessment: At baseline, mean left 
atrial diameter measured 45 + 7 mm, and mean frac- 
tional shortening was 27 + 10%. Cardiac output did not 
change immediately after conversion (7.2 + 2.4 liters/min 
before cardioversion vs 6.8 + 1.8 after). After 24 hours, 





TREATMENT FOR CONVERSION 


Drug-refractory atrial flutter 
sustained (>24 hours) 


V 


Randomization 
Disopyramide 1.5 mg/15 min 


M V 


Local anesthesia 
(Lidocaine 1%) 
Overdrive (Max 145%) 


General anesthesia 
(Propofol) 


50 Joule (Max 2 shocks) 


V V 


200 Joule if failure 





50 mg Disopyramide/ 10 min 
oral Disopyramide (2 X 250 mg) 


FIGURE 2. General outline of approach for conversion to 
sinus rhythm. 


the average value remained the same. This was also true 
when the 24-hour value (7.3 + 1.4 liters/min) was com- 
pared with the last follow-up value (7.3 + 1.9) for the 
15 patients with complete data. 

The evolution of the atrial filling fraction is shown 
in Figure 3, and improved from 20 + 14% to 27 + 14% 
within 24 hours (p «0.005) and increased further to 38 
+ 16% at 6 weeks (p «0.005). Peak velocity of the atri- 
al diastolic filling phase increased from 0.28 + 0.16 m/s 
after 1 hour to 0.39 + 0.18 after 24 hours (p «0.0001 ) 
and improved further to 0.54 + 0.20 after 6 weeks (Fig- 
ure 4). In 4 patients, atrial standstill was present after 6 
hours and in 2 patients after 24 hours. An effective atri- 


Evolution of atrial function 
Atrial filling fraction vs. time 


a MS p i EE 


+ : P «0.05 
++ : P «0.01 
+++ : P «0.005 


FIGURE 3. Evolution of per- 
cent atrial contribution to to- 
tal transmitral flow (atrial 
filling fraction) versus time 
after conversion. h = hours; 
w = weeks. 
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«e : P «0.005 
eee : P «0.001 


p —, 


Method 1 24h 


Overdrive 


pacing 
50 J shock 
. 200 J shock 8 


*Statistically significant versus value at 1 hour (p < 0.05). 
Values in parentheses indicate missing data, because of recurrences before sixth week. 
h = hours; w = weeks after conversion. 


al systole was only observed for the first time after 14 
days. No changes in the diameter of the left atrium were 
observed between preconversion and at 6 weeks (46 + 
7 vs 43 t 7 mm). 

Differences between conversion methods: No 
differences were observed for peak velocity and atrial 
filling fraction between patients treated with overdrive 
pacing, the protocol with 50 J, or the rescue protocol 
with high-energy shocks (Table II). Atrial filling fraction 
did not change over time within 24 hours in the 3 
groups. However, peak velocity increased after a shock 
was administered (both types). The same tendency was 
observed in the group with pacing without reaching sig- 
nificance. 

Clinical follow-up: Recurrences of an atrial arrhyth- 
mia occurred in 3 patients during the 6 weeks of the 
study (at days 2, 9 and 11, respectively). These patients 
did not have all echocardiographic follow-up data after 
24 hours. One of these patients was converted again 
with amiodarone and overdrive pacing. Definite proar- 
rhythmic effects on disopyramide were observed twice. 
One patient with valvular and coronary artery disease 
developed torsades de pointes after 35 days; disopyra- 
mide treatment was discontinued, and ventricular pacing 
was begun for 48 hours. The other patient, an 88-year- 
old man with chronic obstructive pulmonary disease, 
died suddenly 1 week after hospital discharge. 
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Atrial Filling Fraction (96) 





FIGURE 4. Evolution of max- 
imal velocity of early dias- 
tolic filling versus time after 
conversion. h = hours; w = 
weeks. 


Cardiac Output (liters/min) 


6h 24h 6w Baseline lh 6h 


42 


(37) 
(23) 


DISCUSSION 

Atrial contribution to diastolic ventricular filling and 
hence cardiac output is important, especially in patients 
with cardiac disease.'* Atrial arrhythmias with loss of 
atrial function are deleterious for the myocardium in the 
long-term, because dilatation of the ventricles occurs.1^1!5 
Atrial flutter can be particularly disabling, because it has 
the potential of 1:1 conduction, causing high ventricular 
rates, and is often associated with coexisting cardiac dis- 
ease.>:!¢.!7 Pharmacologic therapy of atrial flutter is dis- 
appointing, even with new and very potent antiarrhyth- 
mic drugs.'®!9 In contrast, electrical therapy of atrial 
flutter is very effective.!!?? Electrical cardioversion with 
direct-current countershocks is followed by a period of 
atrial dysfunction.5??! Whether this temporary atrial 
"'paralysis" or “‘stunning’’ is due to the arrhythmia itself 
or the countershock is not known. However, this may be 
an indication to begin with the lowest possible energy 
level or to use other conversion methods, such as over- 
drive pacing. This appears to be very effective, at least 
for the common type of atrial flutter, !:10.17.20 

In this randomized study with both forms of electri- 
cal therapy, neither treatment modality proved to be uni- 
versally effective (at least not when a low shock level of 
50 J was selected). This was despite pretreatment with 
disopyramide, which has been shown to improve the 
success rate of overdrive pacing.? The data on func- 
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7 tional impairment in this study ai 
- previous observations in patients : 
treated with cardioversion (on average with hig 
. gy levels)2!25 We could not demonstrate any d 
-- between the various treatment groups. 
. . Therefore, we conclude that atrial flutter is associ- 

ated with functional impairment of the atrial myocardi- 
um. This can remain present for several days after con- 
version to sinus rhythm and is not influenced by the con- 
version methodology. Furthermore, antiarrhythmic 
therapy to prevent recurrence may be necessary, partic- 
ularly in the early period after conversion. However, all 
antiarrhythmic drugs have a negative inotropic effect, 
and part of the reduced function may be due to the use 
of disopyramide or to the general anesthesia in the sub- 
group that underwent cardioversion. 

One could question whether some trials on antico- 
agulation in atrial fibrillation did not include patients 
with flutter as well. The criteria for fibrillation were 
well-defined in some studies, and flutter was probably 
excluded.” However, fibrillation was poorly defined in 
other trials. Recommendations concerning anticoagula- 
tion can not be extrapolated to atrial flutter using the 
data presented in this study, but in regard to hemody- 
namics, the findings suggest that flutter has the same 
consequences as fibrillation. Therefore, whether patients 
with atrial flutter should receive anticoagulation needs 
to be critically investigated.” 
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the effective function of implantable cardiovert- 

ers-defibrillators. Whereas in most patients accept- 
able defibrillation energy requirements can be achieved, 
occasional patients have difficulty in this regard. 
Strategies for improving defibrillation energy require- 
ments include manipulation of patch position, reversal 
of patch polarity^? optimization of patch size," use of 
biphasic versus single pulses,*!? and use of simulta- 
neous versus sequential shocks.!3-!8 However, not all of 
these techniques are currently commercially available, 
and some implantations are still characterized by high 
defibrillation energy requirements.'-? Repeated induction 
of ventricular fibrillation may also potentially increase 
morbidity in selected cases, and it may be desirable to 
keep inductions of ventricular fibrillation to a minimum. 
In this report, we describe the use of multiple (3 or 4) 
patches during implantation of epicardial defibrillator 
systems, Each patient had a high defibrillation energy 
requirement with a 2-patch system, but had a clinically 
important reduction in defibrillation energy requirement 
with the subsequent implantation of 1 or 2 additional 
patches. 


(sns reliable defibrillation is necessary for 


METHODS 

The patient population consisted of 18 out of 236 
consecutive subjects undergoing implantation of a car- 
dioverter-defibrillator with an open-chest, epicardial sys- 
tem. Implantation was achieved with a median sternotomy 
in 16 patients, a combined left and right lateral thoraco- 
tomy in | patient, and a combined left and right lateral 
thoracotomy plus subxyphoid approach in | patient. In 
2 patients, a second operation several days later was 
needed so that a separate incision and more complete 
exposure of the heart could be achieved. 

Defibrillation energy requirements were determined 
with the CPI model 2806 External Cardioverter-Defi- 
brillator (Cardiac Pacemakers, Inc., St. Paul, Minnesota) 
or the Medtronic model 5355 External Tachyarrhythmia 
Control Device (Medtronic, Inc., Minneapolis, Min- 
nesota). The defibrillation energy requirement was con- 
sidered to be the lowest energy level, achieving 22 suc- 
cessful defibrillations without a failure. Defibrillation ener- 
gy requirement was determined using 5 to 6 J increments 
or decrements in energy. Ventricular fibrillation was 
induced with alternating current or rapid pacing. Defib- 
nllation was performed after 10 seconds of ventricular 
fibrillation. 

During epicardial patch placement, a posterior left 
ventricular patch was ime cathode and an anterior right 












ventricular patch was the anode. Attempts at placement 
of a 2-patch defibrillator system were uniformly with 2 
large defibrillator patches (radiographic area 38 or 55 
cm2). Defibrillation energy requirements of <20 J were 
carefully sought. A mean of 2.4 configurations (range 1 
to 8) using 2 patches were tested before the addition of 
a third epicardial patch. The decision to add a third de- 
fibrillator patch was based on a best 2-patch defibril- 
lation energy requirement of 230 J in 12 patients. In 6 
patients, less stringent clinical criteria were used. In these 
6 patients, defibrillation energy requirements were >18 J 
in 4 patients and >20 J in 2 patients. 
In 3 patients, defibrillation energy requirements were 
till 230 J after placement of a third epicardial patch. In 
ese 3 patients, addition of a fourth epicardial patch 
resulted in a substantial reduction in defibrillation ener- 
y requirement. Multiple-patch systems were made pos- 
sible with the use of Y-connectors (model 6836, Car- 
diac Pacemakers, Inc.) or defibrillators allowing for out- 
puts to 3 patches (model 7217B, Medtronic, Inc.). 
Statistics: For patients undergoing implantation of 
a multiple-patch system, the best 2-patch defibrillation 
energy requirements were compared with the final mul- 
tiple-patch defibrillation energy requirements using a 
chi-square test. Patients were grouped into | of the fol- 
lowing defibrillation energy requirements: <10 J, <15 J, 
<18 J, <20 J, <24 J, <35 J and <45 J. The best 2-patch 
efibrillation was assigned to the lowest defibrillation 
energy requirement possible from these groups. For ex- 
ample, if it was known that the best 2-patch defi- 
brillation energy requirement was >30 J, then the defi- 





FIGURE 1. A and B, posteroanterior and lateral chest x-rays of a patient with 3 











TABLE 1 Comparison of Best Two-Patch and Multiple-Patch 
Defibrillation Energy Requirements in 18 Patients 


Best Two-Patch Final Multiple-Patch 
Energy Requirement Energy Requirement 
(J) (J) 
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brillation energy requirement was considered to be 
S394. 


RESULTS 

Clinical characteristics: In these multiple-patch 
cases, prior cardiac surgery had been performed in 9 of 
18 patients (50%). Coronary artery bypass surgery was 
performed concomitantly with defibrillator implantation 
in 5 of 18 patients (28%). Antiarrhythmic drugs were 








the posterior left ventricle, and the anodal patches are at the anterolateral left ventricle and the right atrium. 
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being administered up to the time of defibrillator im- 
plantation in 13 of 18 patients (72%). Left ventricular 
ejection fraction in this group was 28 + 14% (range 14 
to 54%). The total number of ventricular fibrillation in- 
ductions during these multiple-patch cases was 12 + 5 
(range 5 to 20). 

Multipie-patch systems: Multiple-patch epicardial 
defibrillation systems were implanted in 18 patients. 
Three-patch defibrillator systems were implanted in 15 
patients and 4-patch defibrillator systems were implant- 
ed in 3 patients. There was improvement in defibrilla- 
tion energy requirement from the best 2-patch defibril- 
lation energy requirement to the final multiple-patch 
defibrillation energy requirement in all 18 patients with 
multiple-patch systems, and this improvement was 210 
J in 12 of 18 patients (Table D. Before implantation of 
the multiple-pateh system in these 18 patients, the best 
2-patch defibrillation energy requirement was >18 J in 4 
patients, 220 J in 2 patients, 230 J in 9 patients, and 
>40 J in 3 patients. After implantation of a multiple- 
patch system, the defibrillation energy requirement was 
S24 J in | patient, X20 J in 5 patients, x18 J in 8 
patients, <15 J in 2 patients, and <10 J in 2 patients. This 
improvement was significant (p «0.005). When 3-patch 
systems were used, the cathodal patch was placed at the 
posterior or posteroapical left ventricle, and the anodal 
patches were placed at the anterior or anterolateral left 
ventricle and the anterior right ventricle or right atrium. 
Four-patch systems used 2 cathodal and 2 anodal patch- 
es in 2 cases, and 3 cathodal and | anodal patch in 1 





FIGURE 2. Postereanterior chest xray of a patient with 4 
posterior left ventricle (P), and anodal patches are at the 
anterior left and right ventricles (A). For clarity, the patch 
edges have been outlined in black. 





case. Examples of patch position as seen by chest x-ray 
are shown in Figures | and 2. 

Simultaneous versus sequential shocks: In patients 
with multiple-patch defibrillator systems the possibility 
exists of giving either simultaneous or sequential shocks. 
Defibrillators capable of giving both simultaneous and 
sequential shocks were used in 13 of 18 patients, and 
defibrillators capable of simultaneous shocks only were 
used in 5 of 18 patients. In 8 patients, the final configu- 
ration was for simultaneous shocks. Six of these 8 pa- 
tients were tested only in the simultaneous configuration, 
and 2 of the 8 patients had a change from sequential to 
simultaneous shocks in order to obtain improved defib- 
rillation energy requirements. In 10 patients, the final 
configuration was for sequential shocks. Nine of the 10 
patients were tested only in the sequential configuration, 
and | of the 10 patients had a change from simultane- 
ous to sequential shocks in order to obtain improved 
defibrillation energy requirements. 

Follow-up: Fifteen of the 18 patients with multiple- 
patch defibrillator systems are alive at a follow-up of 11.4 
t 5.6 months (range 3.5 to 19). One patient died of elec- 
trical-mechanical dissociation, 1 patient died of respira- 
tory failure, and 1 patient underwent cardiac transplan- 
tation. During this time, none of the patients have devel- 
oped evidence of constrictive pericarditis. 


DISCUSSION 

In this study, with the use of a multiple (3 or 4) epi- 
cardial patch defibrillator system, substantial improvements 
in defibrillation energy requirements were obtained in 
patients having high defibrillation energy requirements 
with a 2-patch system. The strategy of using multiple 
defibrillator patches in patients having high defibrillation 
energy requirements with a 2-patch system may reduce 
the number of patients with borderline or inadequate 
defibrillator function. It may also serve to reduce the 
number of inductions of ventricular fibrillation in cases 
where initial attempts at a 2-patch epicardial defibrilla- 
tor system are unsuccessful. 

Our study is consistent with the animal study of 
Montenero et al,!? in which using both 2- and 3-patch 
epicardial systems of the same total surface area, the 3- 
patch systems had significantly lower defibrillation en- 
ergy requirements. The reduction in defibrillation ener- 
gy requirements was greatest in animals having the high- 
est defibrillation energy requirements with a 2-patch sys- 
tem. In this clinical study, an increase in the number of 
patches obviously increased the total surface area of the 
patches. It is likely that the increase in patch number 
and total surface area of the patches had additive effects 
in improving defibrillation energy requirements. 

Despite these advantages, there are several potential 
disadvantages to the application of multiple epicardial 
defibrillator patches. The application of multiple patch- 
es may be more likely to impair ventricular function 
than 2 patches. Constrictive pericarditis has been re- 
ported in association with epicardial patch placement.2° 
Although no patient developed symptoms of constrictive 
pericarditis in 11.4 + 5.6 months of follow-up, this oc- 
currence should be watched for carefully. Also, although 
the use of multiple patches may provide superior distri- 
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bution of current density, if the edges of the anode and 
cathode are too close, current shunting and possible tis- 
sue injury may occur?! Furthermore, epicardial patch 
electrodes have been reported to have deleterious effects 
on external defibrillation, 7 and the use of multiple 
patches would be expected to exacerbate this problem. 

One shortcoming of this study is the retrospective 
nature of the analysis. Because of this, there were no 
uniform criteria for the abandonment of attempts at a 2- 
patch defibrillator system, and placement of a multiple- 
patch system. However, given the occasional intraoper- 
ative hemodynamic instability in patients undergoing 
| implantable defibrillator placement, and given periodic 
limitations in the maneuvering of epicardial defibrillator 
patches. due to the presence and location of aortocoro- 
pass grafts, it is doubtful that uniform criteria for 
e number of 2-patch defibrillator configurations tested 
could be rigidly adhered to, even in a prospective study. 

In conclusion, in patients experiencing high epicardi- 
al defibrillation energy requirements with a 2-patch sys- 
tem, use of a third or fourth patch may dramatically 
reduce defibrillation energy requirements. With 11.4 + 
.5.6 months of follow-up, none of the 18 patients in this 
-series developed adverse consequences from use of the 
aeea system. 
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Immediate responses to head-up tilt were deter- 
mined in 78 consecutive patients with unex- 
plained syncope undergoing 45-minute tilt tests at 
60°. Thirty-four patients developed neurally medi- 
ated syncope (mean time to syncope 18 minutes), 
40 tolerated the full duration of tilt, and 4 were 
unable to complete the study but did not develop 
syncope. Blood pressure, heart rate, forearm 
measured at baseline and after 2 and 5 minutes 
of tilt. Syncopai and nonsyncopal patients were 
well-matched for age and baseline hemodynamic 
parameters. There was no difference between the 
groups in heart rate or blood pressure at 2 min- 
utes, but there was a small but significant differ- 
ence in percent reduction in mean arterial pres- 
sure at 5 minutes. After 2 and 5 minutes of tilt, 
mean forearm blood flow was 2.4 and 2.6 mi/ 
min/100 ml, respectively, in syncopal patients 
compared with 1.6 (p «0.05) and 1.7 ml/min/100 
ml (p «0.01), respectively, in patients who tolerat- 
ed 45 minutes of tilt. In syncopal patients, fore- 
arm vascular resistance was 51.0 and 44.0 at 2 
des ee ee, enerons Mi money 
pal patients, it was 82.4 (p <0.02) and 73.1 (p 
<0. 001), respectively. These differences remained 
consistent when only data for patients developing 
syncope after »15 minutes were included in the 
analysis. Patients with neurally mediated syncope 
have clearly demonstrable abnormalities in vascu- 
lar control immediately after assumption of the 
upright posture. The results shed new light on the 
pathophysiology of neurally mediated syncope. 
(Am J Cardiol 1993;71:72-76) 





M From the Department of Cardiological Sciences, St. George's Hospital 


. Medical School, London, United Kingdom. Drs. Sneddon, Bashir and 

bs Haywood ; are supported by British Heart Foundation Junior Research 
_- Fellowships. This study was supported by the British Heart Foundation. 

- Manuscript received June 16, 1992; revised manuscript received and 

| accepted August 5,1992. 


Address for reprints: James F. Sneddon, MRCP, Department of 


: ‘arto S ge St. ei 8 Tni Medical School, Cranmer 





iw AMERICAN JO sida RNAL OF CARDIOLOGY VOLUME 71 


JANUARY 1, 1993 


ilt testing in the investigation of patients with 

unexplained syncope has been recently recognized 

as a useful diagnostic technique to identify those 
with neurally mediated syncope.'-? In patients without 
significant structural heart disease who have an incon- 
clusive history, examination and noninvasive investiga- 
tion, tilt testing is now recommended as the next diag- 
nostic test before proceeding to invasive electrophysio- 
logic investipation.! The major hemodynamic charac- 
teristics of vasovagal reactions have been known for 
many years.°’ The original studies showed that the pre- 
cipitous reduction in blood pressure was largely due to 
inappropriate vasodilation. The potential for vasovagal 
reactions is a universal phenomenon, provided that the 
stimulus is sufficiently strong.? Normal subjects with no 
history of syncope frequently have such reactions, if 
they are subjected to very prolonged orthostatic stress, 
particularly if supported on a saddle rather than a foot- 
plate. The causes of individual susceptibility to vasova- 
gal reactions in response to modest degrees of stress 
during everyday life or diagnostic tilt testing remain to 
be explained. Because one major manifestation of neu- 
rally mediated syncope is profound muscle bed vasodila- 
tion, this study was designed to examine the initial 
changes in forearm blood flow during head-up tilt in 
patients referred for tilt testing for the evaluation of syn- 
cope or presyncope. 


METHODS 

Patients: Seventy-eight consecutive patients (42 
men and 36 women, mean age 48.5 + 2] years, range- 
H to 92) with recurrent syncope or presyncope referred 
for head-up tilt testing constituted the study cohort. All 
patients previously underwent clinical evaluation, 12- 
lead electrocardiography, 24-/48-hour Holter monitoring, - 
echocardiography and neurologic evaluation, if ap- | 
propriate. No patient had diabetes mellitus, clinical evi- 
dence of neuropathy, or echocardiographic evidence of 
significant structural heart disease. Four patients previ- 
ously underwent permanent VVI pacing that had no im- 
pact on the frequency or severity of symptoms. Their 
pacemakers were programmed to minimal rate and max- 
imal hysteresis before the study. Tilt testing was selected 
by the referring physicians as the next diagnostic maneu- 
ver, because no conclusive cause for the patients’ symp- 
toms was revealed by their initial assessment. All car- 
diac and vasoactive drugs were withdrawn 25 half lives 


before the tilt study. Although all tilt tests were per- 


formed as part of the patients’ clinical investigation, all 











m pr gave informed consent to the ene mea- 
surements as part of a protocol approved by this insti- 
tutions ethics committee. 

. . Tilt protocol: All tilt studies were performed in the 
. morning after an overnight fast. Patients rested supine 
for 15 minutes in a quiet, temperature-controlled envi- 
ronment (21 to 23°C) and were then tilted head-up to 
60° on a tilt table with footplate support. Patients were 
returned to the supine position if a positive response oc- 
curred or after a maximum of 45 minutes of tilt. A posi- 
tive response was defined as the development of syn- 
cope or a reduction in systolic blood pressure to <50 
mm bss with symptoms of presyncope. 

. - Hemc mic measurements: Heart rate and 
E blood | pressure were recorded on a Lectromed chart 
E ‘recorder using a 3-lead electrocardiogram and an Ohme- 
- da Finapress 2300 photoplethysmographic device,’ re- 
spectively. The appropriately sized finger cuff was used, 
and the hand was supported in a sling so that the cuff 
was held at the height of the right atrium. Blood pres- 
sure in the supine position was corrected to the midax- 
illary line. Forearm blood flow was measured using 
. intermittent venous occlusion with a temperature-com- 
 pensating Whitney mercury in silastic strain gauge. ie 
-> A cuff at the wrist (to exclude the hand from the circu- 
. lation) was inflated to 20 mm Hg greater than the sys- 
. tolic pressure from 1 minute before and during mea- 
. „surements. The venous occlusion cuff was inflated to 40 

mm. Hg during each measurement. The arm was sup- 
ported on a custom-designed suspended platform so that 
there was no obstruction to arterial or venous flow. The 
. height of the arm was maintained to keep the gauge at 
(1 right atrial level in both the supine and tilted positions. 
: The gauge was calibrated in situ on the arm in the 
-supine and tilted positions. Forearm blood flow was cal- 
- culated from 3 to 5 slopes using techniques described 
-— previously.!? Forearm vascular resistance was calculated 
^. as mean arterial pressure divided by forearm blood flow. 
- Hemodynamic measurements were obtained immediate- 
^ ly before tilting, after 2, 5 and 10 minutes of tilt, and at 
10 minute intervals until the end of the study. Measure- 
ments were obtained immediately before and after return 
. of the patient to the supine position. 

Statistical analysis: The normality of each data set 
was examined. Either a paired or unpaired £ test was 
. used for normally distributed data, and nonparametric 
~~ tests were used if the data were skewed. Because data 
at 2 and 5 minutes were included in the study, the 
Bonferroni correction was applied to the resulting p val- 
ues, and p «0.05 was considered significant. For sub- 
group analysis, data were examined using analysis of 
variance owing to the multiplicity of tests. 


RESULTS 

. Tilt tests: Thirty-four patients (43.6%) had a posi- 
tive response to head-up tilt (Table I). The mean dura- 
tion of tilt in these patients was 18 + 10 minutes (range 
O to 39). Forty patients (51.2%) tolerated the tilt test 
without symptoms or hypotension, and 4 (5.2%) were 












unable to complete the study because of arthritis (n = 3) _ 
2 1). Two patients developed syn- - 
.: cope so early (1 while supine, and 1 after 45 seconds- 


.. Or a panic attack (n = 





TABLE |. Characteristics of the 74 Patients Who Completed 
the Study 
Tiit ‘Tilt 
Positive Negative 
34 (46%) 
50.5 + 21.9 


23/11 
22-351 


40 (54%) 
44.1+20.3 p=0.2 
15/25 p= 0.05 
5.5491 NS 


No. of pts. 

Mean age (year) 

Sex (M/F) 

Mean no. of syncopal 
episodes 

Median no. of syncopal 3.0 2.5 NS 
episodes 


Table includes 4 patients for wham hemodynamic data was not available. 


TABLE Hi. Hemodynamic Results After Head-Up Tilt 








Time After Tit 


2 Minutes 


5 Minutes 


Mean arterial pressure 


imm Hg) 
Positive 95+ 14 96 * 15 93 x 17 
Negative 97 x 13 100 + 14 100 x 14 
NS NS p= 0.06 
Heart rate (beats/min) 
Positive 66+ 13 81 + 16 80 + 15 
Negative 69 x 14 82 +17 82 t 17 
NS NS NS 
Forearm blood flow 
(mi/min/100 ml) 
Positive 3.52 1.8 2.4 x 1.6 2.6 £ 1.6 
Negative 37 22.0 1.6209 1.7 +09 
NS p «0.05 p «0.01 


Forearm vascular resis- 
tance (arbitrary units? 
Positive 
Negative 


33.9 X 17.6 51.0x23.6 44.0% 20.3 
32.7 + 14.3 82.4 ż 52,3 73.1 31.6 
NS p «0.02 p «0.001 


of tilt) that blood flow data could not be obtained, and 
in 4 (1 tilt-positive, and 3 tilt-negative), blood flow data 
are not available for technical reasons. Hemodynamic 
data are presented for the 68 patients who completed the 
protocol and for whom complete data are available. 
There was no significant difference in age between the 
groups who completed the study, although there was a 
trend toward older age in the tilt-positive group (tilt- 
apart 50.5 + 21.0 years vs tilt negative 44.1 + 20.0; 

= 0.2). There was a significantly higher rate of posi- 
‘ies tests in men. Echocardiographic abnormalities were 
present in 6 patients with positive tilts; 3 had mild con- 
centric left ventricular hypertrophy, 2 had mitral valve 
prolapse, and 1 had a hemodynamically insignificant 
ventricular septal defect. Of patients with negative tilts, 
3 had left ventricular hypertrophy and 2 had mitral valve 
prolapse. 

Hemodynamic results: Of 34 patients with tilt-in- 
duced syncope, 20 had cardioinhibitory responses with 
a reduction in heart rate to <60 beats/min, and 14 had 
predominantly vasodepressor responses. In the tilt syn- 
cope group as a whole, at the time of syncope the mean 
reduction in arterial pressure from baseline was 48 mm. 


-Hg (p <0.0001), the mean reduction in heart rate 17 — 
- beats/min (p <0. 02) and the mean reduction i in forearm 7 . 














e 16.5 (p. <0. 0001). For aun: 
mean change in arterial pressure from base- 
Ye tc nutes of tilt was -0.3 mm Hg (p = 0.9), in 
heart ate + 20.4 beats/min (p «0.0001) and in forearm 
vascular resistance +57.4 (p «0.0001). 
Heart rate, mean arterial blood pressure, forearm 
blood flow and vascular resistance were not significant- 
ly different between the groups at baseline (Table ID. At 
-2 minutes of tilt, there was no difference in blood pres- 
sure or heart rate nor in the actual and percent changes 
between the 2 groups. Forearm blood flow and vascular 
resistance at 2 minutes were significantly different in 
patients who eventually developed syncope. The percent 
< changes in blood flow and vascular resistance were even 
. more markedly different (Figure 1). At 5 minutes of tilt, 
— there was no difference in heart rate, but even at this 
- . early stage, there was a significant but small percent 
. Yeduction in mean arterial pressure. The differences in 
forearm blood flow and vascular resistance remained 
consistent at 5 minutes (Figures 2 and 3). The sensitiv- 
ity and specificity of percent changes in forearm vascu- 
lar resistance at 2 and 5 minutes of tilt in predicting sub- 
sequent syncope are shown in Figure 4. 
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This pes datos ated impaired aiya vasocon- B 
strictor responses to hea il atients who subse- — 
quently developed vasovagal reactions considerably later 
during continued orthostatic stress. — 

Normal responses to tilt: Assumption of the 
upright position results in venous pooling in dependent 
parts and a reduction in central venous pressure. Stroke 
volume decreases and despite an increase in heart rate, 
cardiac output decreases approximately 2090.1? Arterial 
pressure is maintained by vasoconstriction in both mus- 
cle and splanchnic beds. Using lower body negative 
pressure to simulate gravitational stress, Abboud et al!4 
reported that forearm (muscle) flow was largely under 
cardiopulmonary baroreceptor control, with only a mi- 
nor contribution from carotid baroreceptors. In contrast, 
splanchnic flow was mainly modulated by carotid baro- 
receptors. 

The mechanism of vasovagal syncope: Several | 
studies have characterized the hemodynamic events at 
the time of the vasovagal reaction, but few have exam- 
ined the immediate responses to tilt in patients suscep- 
tible to vasovagal reactions and none have assessed fore- 











in forearm blood flow (FBF), 
forearm vascular resistance 
(FVR), mean arterial pres- 
sure (MAP) and heart rate 
(HR) after 2 minutes of 60° 
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ted 45 minutes of tilt (Tilt -ve; n = 37). 









blood | flow in these cases. The currently accepted 
chanin of vasovagal reactions caused by tilt or 
emorrhage 1 is that reduced filling pressure and increased 
Of pic activity leads to firing of ventricular mechano- 
tors.!5 Transmission through unmyelinated C fibers 
in results in withdrawal of sympathetic tone 
n gmented vagal activity. During the vasovagal re- 
- action, there is a marked reduction in peripheral resis- 
tance with a marked increase in muscle blood flow. In 
contrast, the limited evidence available suggests that 
splanchnic vasoconstriction occurs.!® Cardiac output ei- 
ther remains unchanged or decreases slightly. At the 
_ time of syncope, central venous pressure may increase, 
and 1 study has demonstrated increased peripheral ve- 
- nous tone during syncope.!7-'8 It is possible that forearm 
flow is a more specific marker of tilt-induced hemody- 
-namic instability than total peripheral resistance, because 
the mechanism of syncope is mediated by muscle rather 
than splanchnic vasodilation. 
|  Susceptibility to tiltinduced, neurally mediated 
syncope: Previously suggested mechanisms of suscepti- 
| bility to orthostatic stress are reduced blood volume, ex- 
-. cessive venous pooling and increased sensitivity to circu- 
. lating catecholamines.!??! If excessive venous pooling 
alone were the cause, one would expect augmented fore- 
< arm vasoconstriction immediately after tilt (the reverse 
. of our observations). If augmented catecholamine sensi- 
tivity were the cause, augmented heart rate response to 
atts would be expected. We observed only a small and 




















Minutes of Tilt 


d r vascular resistance (FVR) at rest and after 2 and 5 minutes of tilt in patients c 
. between 5 and 15 minutes (Tilt *ve «15 min; n = 15) and after 15 minutes (Tilt +ve >15 min; n = 16), and in those who 
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insignificant difference in heart rate increase between the 
2 groups. Most patients in this study had no evidence 
of significant cardiac disease, and none had evidence of 
neuropathy; however, there was a clear difference be- 
tween the groups well before the onset of the overt vaso- 
vagal reaction. It could be argued that the results were 


biased by the few patients who developed ‘syncope soon | 


after tilting. However, the analysis. excluding. patients - E 


who developed vasovagal reactions within 15 minutes of — E 


tilt produced: vers similar results 5 Figure, 3). It is feast: a 


l JW AFTER WT: 





















ts are. due to very early manifestation 
of a vaso gal reacti on, the ‘phase 1°’ described by 
Epstein et al.!? However, this appears superficially 
unlikely, because of the time lag to the syncope. The 
failure of vasoconstriction could be a primary phe- 
nomenon responsible for increased susceptibility to tilt- 
induced vasovagal reactions, possibly due to impaired 
cardiopulmonary baroreceptor control of muscle blood 
flow. Decreased systemic vascular resistance would re- 
sult in smaller ventricular volumes leading to premature 
triggering of ventricular mechanoreceptors and a posi- 
tive feedback loop culminating in sudden dramatic vaso- 
dilation.” However, the abnormality in initial changes in 
forearm vascular resistance may be merely a marker of 
increased susceptibility and thus a secondary bystander 
phenomenon. In patients who are susceptible to tilt- 
induced vasovagal reactions, it is possible that the cycle 
of events leading to the final reaction begins very soon 
after tilting, but only becomes clinically evident much 
later. This would be consistent with our observation that 
mean arterial pressure was beginning to decrease at 5 
minutes in patients who subsequently had positive tilts 
compared with those who tolerated the entire 45 min- 
utes. Failure of adequate vasoconstriction and a gradual 
reduction in blood pressure may explain the presynco- 
pal chronotropic response that has been frequently 
reported, and the increase in heart rate and possibly con- 
tractility providing the final trigger for the vasovagal 
reaction. It has also been suggested that augmented 
epinephrine release at the levels observed in response to 
upright tilt may augment vasodilation?>-*5; this may 
explain our results, although an excessive chronotropic 
response in these circumstances would be expected. 

Study implications: The demonstration of abnormal 
forearm vascular responses immediately after tilt in pa- 
= tients with syncope is a new observation in this patient 
group. It helps to explain why such patients’ syncopal 
attacks may occur after only brief periods in the up- 
right position. Although further study is needed to 
explain this abnormality, it is now clear that patients with 
neurally mediated syncope have impaired circulatory 
control well before the onset of the classical vasovagal 
response. 

Study limitations: The proportion of patients who 
developed positive responses to head-up tilt in this study 
is consistent with that in previous studies, given that iso- 
proterenol was not used and patients were not as rigor- 


x „ously investigated electrophysiologically before tilt test- 


. ing. This can be explained by the fact that tilt testing is 
now firmly established as a valuable and simple di 
nostic method for the evaluation of syncope an | should 
be performed before invasive studies in patients without 
evidence of structural heart disease. The duration of tilt 
was chosen as one that would hopefully be sufficiently 
sensitive without compromising specificity and without 
the need for isoproterenol.?975 Although this study did 
not include a group of completely normal control sub- 
jects, the purpose was to examine the differences be- 
. tween patients with syncope who also had evidence of 
postural instabilitv and those who could tolerate ortho- 
‘Static stress. Both groups consisted largely of patients 
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with structurally normal hears i and ‘none had evidence 


of neuropathy. 
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New PRIMACOR IV 
reduced workload and increased contractile force. 


Y Significant decrease in systemic vascular resistance and pulmonary 
capillary wedge pressure in patients with class III or IV CHE ü 


v Significant increase in Jett ventricular peak positive dP/dt^* and 
stroke volume index.*’”* 


V No significant increase in heart rate ^" or myocardial oxygen 
consumption. 1,4,10,11 


ienificantly increasing heart rate or MVO, 





A demonstrated safety profile. 


W PRIMACOR IV provided effective, consistent patient response in 
clinical trials in 480 patients.’ 


V In patients with ischemic heart disease, improvement in left 
ventricular function has been observed without inducing symptoms 


or ECG signs of myocardial ischemia.’ 


V The principal adverse reaction was an increase over baseline i in 
ventricular arrhythmia — ventricular ectopic activity, 8.5%: 
nonsustained ventricular tachycardia (VT), 2.8% - sustained VT, 1%: 


ventricular fibrillation, 0.2%.’ 


“œ PRIMACOR IV 


(milrinone lactate) 


Vasodilation and contractility in a single agent. 





* Blood pressure and heart rate should be monitored, and the Sanofi es WINTHROP | 
rate of PRIMACOR IV infusion slowed or stopped in patients 
showing excessive decreases in blood pressure. Sanofi Winthrop Pharmaceuticals 


Please see following page for brief summary of safety and prescribing information. New York, NY 10016 
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(milrinone lactate) 


BRIEF SUMMARY 


INDICATIONS AND USAGE: PAIMACOR is indicated for the short-term intravenous therapy of 
congestive heart failure. The maority of experience with intravenous PRIMACOR has been in 
patients receiving digoxin and diuretics. ) 

In some patients injections of PRIMACOR and oral PRIMACOR have been shown to increase 
ventricular ectopy, including nonsustained ventricular tachycardia. Patients receiving PRIMACOR 
should be closely monitored during infusion. 


CONTRAINDICATIONS: PRIMACOR is contraindicated in patients who are hypersensitive to it. 


PRECAUTIONS: General. PRIMACOR should not be used in patients with severe obstructive 
aortic or pulmonic valvular disease in lieu of surgical relief of the obstruction. Like other inotropic 
agents, it may aggravate outflow tract obstruction in hypertrophic subaortic stenosis. 

Supraventricular and ventricular arrhythmias have been observed in the high-risk population 
treated. in some patients. injections of PRIMACOR and oral PRIMACOR have been shown to increase 
ventricular ectopy, including nonsustained ventricular tachycardia. The potential for arrhythmia, 
present in congestive heart failure itself. may be increased by many drugs or combinations of drugs. 
Patients receiving PRIMACOR shouid be closely monitored during infusion. 

PRIMACOR produces a slight shortening of AV node conduction time, indicating a potential for an 
increased ventricular response rate :n patients with atrial flutter/fibrillation which is not controlled 
with digitalis therapy. 

During therapy with PRIMACOR, blood pressure and heart rate should be monitored and the rate 
af infusion slowed or stopped in patiants showing excessive decreases in blood pressure. 

If prior vigorous diuretic therapy is suspected to have caused significant decreases in cardiac filing 
pressure, PRIMACOR should be cautiously administered with monitoring of blood pressure. heart 
rate, and clinical symptomatology. 


USE IN ACUTE MYOCARDIAL INFARCTION. No clinical studies have been conducted in patients in 
the acute phase of post myocardial infarction. Until further clinical experience with this class of drugs 
is gained, PRIMACOR is not recommended in these patients. 


Laboratory Tests. Fluid and Electrolytes: Fluid and electrolyte changes and renal function should be 
carefully monitored during therapy with PRIMACOR. Improvement in cardiac output with resultant 
diuresis may necessitate a reduction ir the dose of diuretic. Potassium loss due to excessive diuresis 
may predispose digitalized patients to arrhythmias. Therefore, hypokalemia should be corrected by 
potassium suppiementation in advance of or during use of PRIMACOR. Drug Interactions. No 
untoward clinical manifestations have deen observed in limited experience where patients in whom 
PRIMACOR was used concurrently with the following drugs: digitalis glycosides: lidocaine, quini- 
dine; hydralazine, prazosin: isosorbide dinitrate, nitroglycerin: chiorthalidone, furosemide. hydro- 
chiorothiazide, spironolactone; captopni; heparin, warfarin, diazepam, insulin; and potassium 
Supplements. Chemical interactions. There is an immediate chemical interaction which is evi- 
denced by the formation of a precipitate when furosemide is injected into an intravenous line of 
infusion of PRIMACOR. Therefore, furosemide should not be administered in intravenous lines 
containing PRIMACOR. Carcinogenesis, Mutagenesis, Impairment of Fertility. Twenty-four 
months of oral administration of PRIMACOR to mice at doses up to 40 mg:kgday (about 50 times the 
human orat therapeutic dose in a 50 kg patient) was unassociated with evidence of carcinogenic 
potential. Neither was there evidence of carcinagenic potential when PRIMACOR was orally adminis- 
tered to rats at doses up to 5mg/kg/cay (about 6 times the human oral therapeutic dose! for 
twenty-four months or at 25 mg/kg/day (about 30 times the human oral therapeutic dose) for up to 18 
months in males and 20 months in females. Whereas the Chinese Hamster Ovary Chromosome 
Aberration Assay was positive in the presence of a metabolic activation system. results from the 
Ames Test. the Mouse Lymphoma Assay, the Micronucleus Test, and the in vivo Rat Bone Marrow 
Metaphase Analysis indicated an absence of mutagenic potential. In reproductive performance 
Studies in rats, PRIMACOR had no effect on male or female fertility at ora! doses up to 32 mg/kg/day. 
Animal Toxicity. Oral and intravenous administration of toxic dosages of PRIMACOR to rats and 
dogs resulted in myocardial degeneration’ fibrosis and endocardial hemorrhage. principally affecting 
the left ventricular papillary muscles. Coronary vascular iesions characterized by periarterial edema 
and inflammation have been observed in dogs only. The myocardial/endocardial changes are similar 
to those produced by beta-adrenergic receptor agonists such as isoproterenol. while the vascular 
changes are similar to those produced by minoxidil and hydralazine. Doses within the recommended 
clinical dose range (up to 1.13 mg/kg/day) for congestive heart failure patients have not produced 
significant adverse effects in animals. Pregnancy Category C. Oral administration of PRIMACOR to 
pregnant rats and rabbits during organogenesis produced no evidence of teratogenicity at dose levels 
up to 40 mg/kg/day and 12 mg/kg/day, respectively. PRIMACOR did not appear to be teratogenic 
when administered intravenously to pregnant rats at doses up to 3 mg/kg/day (about 2.5 times the 
maximum recommended clinical intravencus dose) or pregnant rabbits at doses up to 12 mg. kg. day, 
although an increased resorption rate was apparent at both 8mg/kg/day and 12 mg/kg/day (intrave- 
nous) in the latter species. There are no adequate and well-controlled studies in pregnant women. 
PRIMACOR should be used during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers. Caution should be exercised when PRIMACOR is administered to 
nursing women, since it is not known whether it is excreted in human milk. Pediatrie Use. Safety and 
effectiveness in children have not been established. Use in Elderly Patients. There are no special 
dosage recommendations for the elderly. patient. Ninety percent of all patients administered 
PRIMACOR in clinical studies were within the age range of 45 to 70 years, with a mean age of 61 
years. Patients in ail age groups demonstrated clinically and statistically significant responses. No 
age-related effects on the incidence of adverse reactions have been observed. Controlled pharmaco- 
kinetic aan have not disclosed any age-related effects on the distribution and elimination of 
PRIMACOR. 


ADVERSE REACTIONS: Cardiovascular Effects: in patients receiving PRIMACOR in Phase Il and 
Hi clinical trials. ventricular arrhythmias were reported in 12.1%: Ventricular ectopic activity, 8.5%: 
nonsustained ventricular tachycardia. 2.8%; sustained ventricular tachycardia, 1% and. ventricular 
fibrillation, 0.2% (2 patients experienced more than one type of arrhythmia). Holter recordings 
demonstrated that in some patients injection of PRIMACOR increased ventricular ectopy, including 
nonsustained ventricular tachycardia. Life-threatening arrhythmias were infrequent and when 
present have been associated with certain underlying factors such as preexisting arrhythmias. 
metabolic abnormalities (e.g. hypokalemia}, abnormal digoxin levels and catheter insertion. 
PRIMACOR was not shown to be arrhythmogenic in an electrophysiology study. Supraventricular 
arrhythmias were reported in 3.8% of the patients receiving PRIMACOR. The incidence of both 
supraventricular and ventricular arrhythmias has not been related to the dose or plasma milrinone 
concentration. Other cardiovascular adverse reactions include hypotension, 2.9% and angina/chest 
pain, 1.2%. CNS Effects. Headaches. usually mild to moderate in severity, have been reported in 
2.9% of patients receiving PRIMACOR. Other Effects. Other adverse reactions reported. but not 
definitely related to the administration of PRIMACOR include hypokalemia, 0.694; tremor, 0.4%: and 
thrombocytopenia, 0.4%. 


OVERDOSAGE: Doses of PRIMACOR may produce hypotension because of its vasodilator effect. If 








this occurs, administration of PRIMACOR should be reduced or temporarily discontinued until the 
patient's condition stabilizes. No specific antidote is known, but general measures for Circulatory 
support shouid be taken. 

DOSAGE AND ADMINISTRATION: PRIMACOR should be administered with a loading dose 
followed by a continuous infusion (maintenance dose) according to the following guidelines: 


LOADING DOSE 
90 ug/kg: Administer slowly over 10 minutes 


MAINTENANCE DOSE 


| Total Daily Dose 
i infusion Rate 































(24 Hours) 
Minimum 0.375 ug/kg/min 0.59 mg/kg Administer as a 
Standard 0.50 ug/kg/min 0.77 mgikg continuous 
Maximum 0.75 yug/kgimin 1.13 mg/kg intravenous infusion. 


The infusion rate should be adjusted according to hemodynamic and clinical response. Patients 
should be c'osely monitored. In controlled clinical studies, most patients showed an improvement in 
hemodynamic status as evidenced by increases in cardiac output and reductions in pulmonary 
capillary wedge pressure. 

Note: See "Dosage Adjustment in Renally Impaired Patients." Dosage may be titrated to the 
maximum hemodynamic effect and should not exceed 1.13 mg/kg/day. Duration of therapy should 
depend upon patient responsiveness. 

intravenous infusions of PRIMACOR should be administered as described in the foliowing chart. 


PRIMACOR-RATES OF INFUSION 
FOR CONCENTRATIONS OF 100 pg/mL, 150 pg/mL, AND 200 pg/mL 
INFUSION DELIVERY RATE 


100 ugimL" 150 ug/mL ** 200 ug/mL't 
(mL'/kg/hr) (mL/kgihr) (mL'/kg/hr) 


In order to caiculate flow rate (milliliters per hour), multiply infusion delivery rate times patient 
weight (in kilograms). 

"Prepare by adding 180 mL diluent per 20 mg viai (20 mL) PRIMACOR. 
""Prepare by adding 113 mL diluent per 20 mg vial (20 mL) PRIMACOR. 
tPrepare by adding 80 mL diluent per 20 mg vial (20 mL) PRIMACOR. 

Note; Diluents which may be used to prepare dilutions of PRIMACOR for intravenous infusion are 
0.45% Sodium Chloride Injection USP, 0.9% Sodium Chloride injection USP. or 5% Dextrose 
injection USP 

intravenous drug products should be inspected visually and should not be used if particulate 
matter or discoloration is present. 


Dosage Adjustment in Renally Impaired Patients. Data obtained from patients with severe renal 
impairment (creatinine clearance = 0 to 30 mL/min) but without congestive heart failure have 
demonstrated that the presence of renal impairment significantly increases the terminal elimination 
half-life of PRIMACOR. Reductions in infusion rate may be necessary in patients with renal impair- 
ment. For patients with clinical evidence of renal impairment, the recommended infusion rate can be 
obtained from the following Table: 


Creatinine Clearance 
imLémint 73 m?) 






















PRIMACOR 
(ugikg min) 









infusion Rate 
(ug/kg/min) 
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Manufactured by Sterling Pharmaceuticals Inc. 
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lant: cardioverter-defibrillator (ICD) in- 
ns survival of patients who receive the de- 














| viewed for 1976 to. 1988 ina 
cally similar to the white population of the 
were identified on the basis of American Heart As 
wl n/American College of Cardiology guide- 
ines. Candidacy rates ranged from 3.3/100,000 
_ (counting only definite candidates for the entire 
period) to 8.7/100,000 (counting definite and pos- 
sible candidates after 1980). Extrapolated to the 
1990 U.S. population, estimates ranged from 
8,207 to 21,637 new candidates each year. Dunng 
> an average follow-up of 5 years, half of all deaths 
: among candidates had the potential to be delayed 
by an ICD. In a similar population that has a death 
rate from heart disease of approximately 
280/100,000, 0.6 to 1.6% of subjects have the 
potential to have their deaths delayed to some 
extent by an ICD. 
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n automatic defibrillator was first implanted in a 
A human in 1980! in an attempt to prevent recur- 
ent sudden death, and several case series?-? sug- 
gest that the implantable cardioverter-defibrillator (ICD) 
can reduce mortality rates in the first year after primary 
ventricular fibrillation from >30 to 10%. Operative 
mortality for implantation is approximately 2 to 396,775 . 
and long-term complication rates are reported to be sim- —— 
ilar to those for pacemaker patients. 5 The cost-effective- =- 
ness ratio of this device is within the range of current- > 
ly accepted medical therapies. 10-12 Although 9,000. 
devices were implanted in subjects in the United States —.— 
in 1991 (unpublished data; data bases of Cardiac Pace- — — 
makers, Inc., Telectronics and Medtronics), it has been 
suggested that the potential pool of candidates. is much o 
larger.? This report estimates the size of the pool from. 
a defined population that is demographically similar | 
the white population of the U.S. and extrapolates these: 
rates to the U.S. population. It also describes the sur- 
vival of ICD candidates and estimates the potential of — . 
the ICD to delay deaths in patients with heart disease. 































METHODS 
The population used for this study was approximate- 
ly 60,000 people residing in a city in the midwestern 
U.S. Indexes are maintained for all diagnoses and pro- 
cedures recorded by the medical care providers serving - oe 
these residents.'4 The inpatient and outpatient medical —. 
records of each patient can be retrieved, enabling. review Tied 
of all clinical notes recorded by health care. pro iders in ud 
the community, All residents with conditions suc 
clinically recognized ventricular: tachycard ii 
tricular fibrillation can be identified with: this system. = 
To identify potential candidates for an. ICD, the fol- Tur 
lowing sources were searched for the 13 years from Jan- s 
uary 1, 1976, through December 31,- ese ios 
indexes, the amiodarone study rot, | 














reports of the i conipany th vat: suppl 
support services for ud city. These 


diology/American Heart Association " ACC/AE 
teria for implantation of an automatic ICD.5 Patients A 
were amie pases candidates. if they: (D. had oT 





















Total events 
Reason for disqualification 

Died without leaving hospital 

Nonfatal myocardial infarction 

Too debilitated for testing or ICD insertion 


Candidates with no disqualifying condition 





reversible cause of event. 


Patients were not considered candidates if: (1) cardi- 
ac arrest was associated with acute myocardial infarction 
(defined as the development of new Q waves or a cre- 
atine kinase MB isoenzyme level >4% of the total cre- 
atine kinase level, or both), drug overdose or intoxi- 
œ Cation, antiarrhythmic medications, electrolyte abnor- 

. .. malities or hypoxemia; (2) they were too debilitated to 

_ undergo electrophysiologic testing or ICD implantation; 

. or (3) they had not lived in the city for a full year be- 

fore the qualifying event. This last criterion was includ- 

ed in all studies in this population to exclude patients 

^. who moved into the community for treatment of their 

... medical problems. This population-based analysis evalu- 

->> ated only residents of the city and excluded all patients 
. referred for treatment from outside the community. 

Most candidates qualified for multiple reasons (e.g., 
cardiac arrest and hemodynamically unstable, sustained 
ventricular tachycardia). Therefore, to list 1 cause for a 
patient's candidacy, the inclusion criteria were ranked in 
.the following descending hierarchy: cardiac arrest, 

hemodynamically significant, sustained ventricular tachy- 
cardia, and syncope associated with nonsustained ven- 

tricular tachycardia. 
. A Candidates who fulfilled 21 inclusion criterion and 
no exclusion criterion were further classified as definite 
(AHA/ACC criteria class I) or possible (class II) on the 
basis of the number of drugs tested and the results of 
electrophysiologic testing. Candidates with history of 
cardiac arrest in whom neither ventricular fibrillation nor 
tachycardia could be induced while receiving no antiar- 
rhythmic drugs were defined as definite candidates. Can- 
didates in whom either ventricular fibrillation or tachy- 
cardia could be induced during 22 studies with drugs 
ether than intravenous procainamide were also defined 
: . as definite candidates. Candidates who had no exclusion 

. Criteria, but did not fulfill the electrophysiologic testing 
. criteria for definite candidacy (e.g., because they did not 
^. have a baseline electrophysiologic test and testing of 2 
. drugs other than intravenous procainamide) were defined 
às possible candidates. 
Because electrophysiologic testing was more routine- 
ly used in this population after 1980 and because elec- 
trophysiologic testing was required for a subject to be a 
definite candidate, the candidacy rates were calculated 
for both the total period from 1976 through 1988 and 





j tion of Qualifying and Disqualifying Conditions* Among 142 Potential 
Candidates Identified by the Initial Review of Records 


Reversible cause for VT or ventricular fibrillation 


“Qualifying conditions were assigned following hierarchy in descending order: cardiac arrest survivor, sustained VT, and 
syncope associated with nonsustained VT. Disqualifying conditions were assigned following hierarchy in oer order: 
died in hospital, myocardial infarction precipitated event, too debilitated for electrophysiologic testing or insertion of ICD, and 


ICD = implantable cardioverter-defibrillator; VT = ventricular tachycardia. 
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Qualifying Conditions 









Cardiac Arrest Sustained 
Survivor VT 


Syncope and 
Nonsustained VT 











122 16 4 
72 0 2 
19 Q 0 

2 3 1 
i 0 0 
28 13 i 














































the period after 1980. Simple linear regression was u: : 
to test whether there was a trend for the number of can- — 
didates to increase by calendar year. - E vd 

Decennial census data!9!" were used to calculate — 
age- and sex-specific candidacy rates for definite and 
possible candidates, and for both groups combined. 
Ninety-five percent confidence intervals (CI) for these 
rates were estimated from the cumulative Poisson distri- 
bution.'? 

Actuarial survival was calculated by the Kaplan- 
Meier method for definite and possible candidates, and 
for potential ones who were excluded because their car- 
diac arrest was associated with an acute myocardial in- - 
farction. To determine whether definite and possible ICD ` 
candidates were truly at high risk of death, the 3 sur- 
vival curves were compared using the log-rank test. 

The potential of the ICD to influence mortality in the 
population of ICD candidates was then estimated. It was 
assumed that subjects who had received an ‘‘appro- 
priate" shock from an ICD had had their lives extend- 
ed by their ICD. It was also assumed that subjects who 
died suddenly out of the hospital without an ICD may 
have had their lives extended by an ICD. The sum of 
these 2 groups Was divided by the total number of sub- 
jects who had died plus the number of those who were 
alive and had received an appropriate shock from their 
ICD. This proportion was multiplied by the ICD candi- 
dacy rates to estimate the rate for the entire population 
at which the ICD may prolong lives. This calculation 
maximizes the estimated potential benefit from the ICD. 
Because of the small number of patients who actually — 
received the ICD, no attempt was made to characterize — 
its impact on the life expectancy of a candidate. — . = 

To provide perspective to the candidacy rates and the. — 


estimated impact of the ICD on death rates from heart - 4 
disease, these death rates were calculated for the city for —— 


1978 and were directly adjusted to the 1980 U. S. popu- a 


lation. The adjusted rates were compared with the rates 


of ICD candidacy and deaths delayed by the ICD. To 
estimate the number of subjects in the U.S. who may — 









fulfill the ACC/AHA criteria for ICDs each year, the 


age- and sex-specific rates for the city were directly age- —.— 
and sex-adjusted to the population structure of United 
States whites in 1990 and multi the total U.S. 
population. a UT 3 Pu 




























E Qualifying and disqualifying conditions: Review 
. of the records identified 142 subjects (age range 31 to 
-93 years, mean 67.4 + 12.0) with 21 qualifying condi- 
tion for an ICD. Women constituted 27% of the group. 
One hundred twenty-two subjects had been resuscitated 
from cardiac arrest, 16 had hemodynamically unstable, 
sustained ventricular tachycardia, and 4 had syncope 
associated with nonsustained ventricular tachycardia 
(Table D. 
<- One hundred of the 142 patients were disqualified, 
i including 74 who died in the hospital, 19 who had a car- 
¿diac arrest in association with an acute myocardial 
nfarction and left the hospital alive, 1 who developed 
ntricular fibrillation as a result of choking on an ap- 
je, and 6 who were too debilitated for electrophysiolog- 
Sting and the ICD implantation procedure. The re- 
| ing 42 patients (mean age 65.1 + 10.7 years, range 
~ 36 to 81) were either definite or possible candidates. 
Women constituted 22% of the candidates. 

Rates of definite and possible candidacy: Nine- 
teen patients fulfilled the criteria for definite and 23 for 
possible candidacy. Approximately half (10 of 19) of the 
definite candidates had had an out-of-hospital cardiac 
arrest; the remaining 9 presented with hemodynamical- 
-ly unstable, sustained ventricular tachycardia. Eighteen 

of the 23 possible candidates presented with out-of-hos- 
-pital cardiac arrest, 4 with sustained ventricular tachy- 
cardia, and 1 with syncope associated with nonsustained 
ventricular tachycardia. 

Over the period from 1976 to 1988, the rates of defi- 
nite and possible candidacy were 3.3 and 4.0/100,000 
person-years, respectively (Table ID. The combined rate 
of definite and possible candidacy based on the 1976 to 
1988 period was 7.3/100,000 person-years. ian 1980, 
the candidacy rates were 4.8 and 3.9/100,000 person- 
years for definite and possible candidates, pla 
-and 8.7/100,000 person-years for the 2 groups combined. 
: There was a trend for the number of definite candidates 
toi increase in later years (p «0.002), but there was no 
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Years O 


Definite candidates 19 
Possible candidates 23 
Patients sufferin fering 

cardiac : 19 
_ Secondary to MI 
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rates were significantly higher for ICD candidates than 


year, and 5-year survival for these patients was 75% - 















(per 100, 000 person- years, age- 
and sex-adjusted to 1980 U.S. population} of Definite and 
Possible Candidacy Based on Entire Period (1976 to 1988) 
and 1981 to 1988 Period 
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Definite Possible 





























1976 to 1988 


Point estimate 3.3 4.0 7.3 

95% Ci 1.8 to 4.8 2.3 to 5.6 5.0 to 9.5 
1981 to 1988 

Point estimate 4.8 3.9 8.7 

95% Ci 2.6to 7.1 5.7 to 11.7 





1.9 to 5.9 


Ci = confidence interval. 


trend for the number of possible candidates to increase 
over time (p = 0.86). 

Mortality: Mortality was not different for definite 
and possible ICD candidates (p = 0.57), but mortality 


for subjects who had had cardiac arrest in association 
with myocardial infarction (p «0.05; Figure 1). One- 
year survival for definite candidates was 8995, and 5- 
year survival was 58%. Survival for possible candidates 
was 70 and 51% at 1 and 5 years, respectively. All pa- 
tients who were discharged alive after a cardiac arrest — 
due to acute myocardial infarction were alive after 1 _ 


(Figure 1). 

Eight of 19 definite and 8 of 23 possible candidates 
were alive at the last follow-up (Table III). Four definite 
and 6 possible candidates had died suddenly out of the. 
hospital without an ICD. 

Both definite candidates who were still alive with 
ICDs, 1 definite candidate who died in the hospital with 
an ICD, and 1 possible candidate who died suddenly out — 
of the hospital with an ICD had received appropriate 
shocks while alive. The 1 definite candidate who died — 
out of the hospital with an ICD, and 1 of 2 who died 
in the hospital never received appropriate shocks. 
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| TABLE Hl. Survival ana tas of Mortality for Definite and 
E T Possible t Implantable Cardioverter-Defibrillator (ICD) Candidates 



























































Definite Possible 


t of the hospital may have had their lives 
y an ICD. Based on these assumptions, we 
ed that 50% (the aforementioned 14 patients in 
the numerator, and 26 deaths plus the 2 patients alive 
-=> with ICDs after appropriate shocks in the denominator) 

. of the deaths in this group may have been delayed by 
implanting an ICD (95% CI 32 to 68%). Multiplying 
this figure of 50% by the candidacy rates produced an 
estimate that 1.7 to 4.4/100,000 persons in a population 
may have their deaths delayed to some extent by an 
ICD. 

The mortality rate from heart disease during this pe- 
riod in the city (adjusted to the 1980 U.S. population) 
was 280/100,000 persons for the entire population (un- 
published analysis). Therefore, the estimated impact of 
the ICD on cardiac mortality ranges from 0.6 to 1.6% 
for the entire population. 

Extrapolation of the candidacy rates to the entire 
population of the U.S. produced a minimal estimate 
(based only on definite candidates during the entire pe- 
riod of observation) of 8,207 new candidates per year 
(95% CI 4,477 to 11,937). The highest estimate (based 
on definite plus possible candidates from only the years 
1981 to 1988) was 21,637 new candidates per year (95% 
CI 14,176 to 29,098). 


DISCUSSION 

The experience in this population between 1976 and 
1988 suggests that the candidacy rate for the ICD in the 
U.S. population is between 3.3 and 8.7 devices/100,000 
persons each year. This translates into an estimate of 
$21,637 new ICD candidates in the U.S. each year. If 
all candidates receive an ICD, and half of them have 
their lives extended by the device, <1.6% of the popu- 
lation dying of heart disease would have their lives 
extended to some extent by an ICD. It is beyond the 
scope of the current data set to define how great that 
extent may be. 

There are reasons to believe that the higher, rather 
than the lower, estimated candidacy rates will be clos- 
est to the future ICD use rates. First, the sudden death 
rate among possible candidates is at least as high as that 
. among definite ones. Second, death rates for heart dis- 
= ease for the region of this population are less than those 
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for th a SE 19 and the 1 rates s of ‘canta E 
arrest surv this study are less than those reported. 
in other studies.2° Third, death rates in the post-cardiac 
arrest population are high even when ventricular tachy- 
cardia can be suppressed by drugs during electrophysio- 
logic testing,?! and many patients develop toxicity with 
long-term amiodarone treatment. Finally, transvenous 
lead systems and advanced antiarrhythmia devices have 
been very successful.” If current trials in patients with 
the triad of ischemic heart disease, left ventricular dys- 
function and inducible ventricular tachycardia show that 
treatment with an ICD reduces mortality, the pool of 
ICD candidates will be enlarged even further. 

Although the ICD may markedly change the life ex- 
pectancy of candidates, the data suggest that a relative- 
ly low percentage of patients with heart disease have the 
potential to benefit from the device. Doubling the calcu- 
lated rates would not increase the potential impact on 
mortality by much more than 3% of all deaths from car- 
diac disease in the population. The impact on total mor- 
tality would be less than half this size. Thus, this anal- 
ysis suggests that the ICD is an example of a therapy 
that has significant potential to delay the death of a can- 
didate, but it has only a small potential for having an 
effect on the life of the average subject who develops 
heart disease. 
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-A previously published study reported on an 






Habel, ‘multicenter study of the efficacy and 
lerability of lovastatin in the management of 
fam ilial primary hypercholesterolemia. In the 
nt report the results from the 213 hyper- 
erolomie patients with systemic hyperten- 











-sion are presented. At baseline mean + SD of 


total serum cholesterol, low-density lipoprotein 
cholesterol, high-density lipoprotein (HDL) choles- 
terol, and the ratio of total serum cholesterol to 
HDL cholestero! were 268 + 24, 189 + 22 and 43 
+ 10 mg/dl and 6.6 + 1.6, respectively. Of the 
213 hypertensive patients only 24 were not 
receiving antihypertensive or related cardiac 
medication. Baseline mean systolic and diastolic 
blood pressures were 140 + 20 and 84 + 9 mm 
Hg, respectively. Within 1 month of lovastatin 
therapy the observed significant reductions in 
total serum cholesterol, low-density lipoprotein 
cholesterol and the ratio of total to HDL choles- 
terol were 19, 27 and 24%, respectively. HDL 
cholesterol was increased by 6%. Diastolic blood 
pressure did not change significantly during this 
1-month period. The 1-month lipid results were 
maintained over the full 6 months of the study. 
The dosage of lovastatin was 20 mg/day for the 
first month of therapy and could subsequently be 
adjusted to response, up to a maximum of 80 
mg/day. Again, without changes in diastolic 
blood pressure, lovastatin was generally effec- 
tive in improving the serum lipids of hyper- 
cholesterolemic hypertensive patients regardless 
of the type of antihypertensive medications re- 
ceived (including diuretics and B blockers). 
Lovastatin was generally well tolerated. 

(Am J Cardiol 1993;71:82-87) 
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for coronary artery disease. 12 Blood pressure re- 

duction in animal studies retards the progress of 
coronary artery disease? However, clinical trials of anti- 
hypertensive agents have not been consistently benefi- 
cial? possibly because of the development of an unfa- 
vorable lipid profile.’ In a previous publication we re- 
ported the results of a multicenter Suey of 489 adult 
patients with hypercholesterolemia.’ Because there are 
very few published reports on the efficacy and tolerabil- 
ity of lovastatin in hypercholesterolemic patients with 
hypertension, we thought it appropriate to assess retro- 
spectively the response of this subset of patients and ex- 
amine the efficacy of lovastatin in reducing blood lipids 
in hypercholesterolemic hypertensive patients taking a 
variety of antihypertensive agents. 


S ystemic hypertension is an established risk factor 


METHODS 

Design: The study design was a multicenter, open- 
label, prospective study involving 40 centers and was de- 
scribed in a recent publication.’ Patients aged 221 years 
not on a cholesterol-reducing diet, with total cholesterol 
levels 2240 mg/dl and LDL cholesterol levels 2190 
mg/dl, or 2160 mg/dl with definite coronary artery dis- 
ease or 2 other coronary artery disease risk factors, were 
given a standard (e.g., National Cholesterol Education 
Program step I or American Heart Association phase I) 
cholesterol-reducing diet and had all lipid-lowering agents 
withdrawn. 

After 6 weeks of the diet-only (baseline) period, 
those for whom further attempts to reduce serum cho- 
lesterol by diet and other nonpharmacologic measures 
alone were considered ineffective, were enrolled in the 
diet plus lovastatin treatment phase. Evaluations of se- 
rum lipids, clinical parameters, blood chemistry and ad- 
verse effects were made every month during the 6- 
month diet plus lovastatin treatment period. The dosage 
of lovastatin was 20 mg/day for the first month and 
could subsequently be adjusted up to a maximum of 80 
mg/day according to the response of the patients and the 
judgment of the participating physicians. A total of 213 
hypercholesterolemic patients with hypertension were 
studied. These patients were identified as hypertensive 
by the participating physicians based on their medical 
history and the physical examination performed during 
the initial screening. We report in detail on the response 
of these patients to lovastatin therapy. 









. ... Object ive: : The objective of this one was to y evalu- 
ate the efficacy and tolerability of lovastatin in hyper- 
- cholesterolemic hypertensive patients, especially in those 
. receiving concurrent therapy indicated by the physician 
for hypertension, and for the various types of antihyper- 
tensive medications received (i.e., diuretics, B blockers, 
angiotensin-converting enzyme inhibitors or other anti- 
hypertensive drugs). The lipid variables under consider- 
ation are total, LDL and high-density lipoprotein (HDL) 
cholesterol, the ratio of total cholesterol to HDL choles- 
terol, and triglycerides. Baseline serum lipid values were 
lipid values obtained after the diet-only period. The 
changes from baseline observed after 1 month of lovas- 
tatin therapy were of primary interest. 


Statistical analysis: The paired f test was used to 


dest whether cholesterol levels after 1 month of lovasta- 

tin therapy showed significant improvement over base- 
line values for all hypertensive patients, and within each 
subgroup of the hypertensive patients. All tests were 2- 
tailed. The 0.05 level was used for statistical signifi- 
cance. 


| RESULTS 
E aseline in all hypertensive patients: Of the 213 
3 hypercholesterolemic hypertensive patients, 127 were 
. women (60%) and 86 were men (40%). Mean age + SD 
was 59 + Il years (range 25 to 83). At baseline, mean 
systolic blood pressure was 140 + 20 mm Hg and mean 
diastolic blood pressure 84 + 9 mm Hg. Forty-eight per- 
cent of these patients reported a family history of pre- 
mature coronary artery disease, 13% smoked cigarettes, 
24% had low HDL cholesterol (<35 mg/dl), 13% had 
diabetes mellitus, 11% had a history of cerebrovascular 
or occlusive peripheral vascular disease, and 14% were 
obese (i.e., >30% overweight). 

-Of the 213 patients, 189 (89%) were receiving drug 
‘therapy determined by the study physicians to be given 
to them because of their hypertension. Most patients 
< ¿were receiving more than | type of drug therapy. Table 
— ] contains data on the different types of medications 
received by these patients. These medications included 
not only the usual antihypertensive drugs (i.e.,  diuretics, 
B blockers and angiotensin-converting enzyme inhibi- 
tors), but also cardiac and other drugs that were pre- 
scribed to counteract the increased risk of coronary 








TABLE ! Drug Therapy Among Hypertensive Patients - 
(n = 189) | 
No. (%) 


Drugs 






























Only diuretic 27 (14) 
Only B blocker 17 (9) 
Only cardiac 16 (8) 
Only ACE inhibitors 9 (5) 
Only other antihypertensive 2 (1) 
Only other 141) 
Diuretic + B blocker 5) 
Diuretic -- cardiac 10 (5) 
Diuretic -- ACE inhibitors 8 (4) 
Diuretic -- other antihypertensive 2 (1) 
Diuretic 4- other 16 (8) 
B blocker + other 8(4) E i 
8 blocker + cardiac 8 (4) 
B blocker + ACE inhibitors 2í(1 
Cardíac -- ACE inhibitors 4 (2) 
Cardiac + other 9 (5) 
ACE inhibitors 4- other antihypertensives PAIK 
ACE inhibitors + other 30) | 
Diuretic + B blocker + cardiac — 3 (2) 
Diuretic + B blocker + ACE inhibitors 3 (2) 
Diuretic + B blocker + other antihypertensives 1 (1) 
Diuretic + B blocker + other 4 (2) 
Diuretic + cardiac + ACE inhibitors 3 (2) 
Diuretic + cardiac + other antihypertensives itl 
Diuretic + cardiac + other 6 (3) 
Diuretic + ACE inhibitors + other 1 (1) 
Diuretic + other antihypertensive + other 1 (1) 
B blocker + cardiac + other 3 (2) 
B blocker + ACE inhibitors + other 2(1) 
Cardiac + ACE inhibitors + other 2 (1) 
Diuretic + B blocker + cardiac + other antihypertensive 1 {1) 
Diuretic + B blocker + cardiac + other 8 (4) 
Diuretic + B blocker + ACE inhibitors + other 1 (1) 


Diuretic + B blocker + other antihypertensive + other 


189 


Total 


ACE = angiotensin-converting enzyme inhibitors. 





artery disease due to hypertension. Of the 189 hyperten- 
sive patients receiving antihypertensive or related cardi- 
ac drugs, 26 were receiving only cardiac or other medi- 
cations (e.g., aspirin). The remaining 163 were receiving 
medications aimed at controlling their high blood pres- 
sure including diuretics (102 patients), p blockers (67 
patients), angiotensin-converting enzyme inhibitors (39 
patients), and other indhypertensne drugs (10 patients). 


TABLE H Lipid* Data for All Hypertensive Patients (n = 213)— Those Receivingt 
(n = 189) and Not Receiving (n = 24) Drug Therapy for Hypertension 


Hypertensive Patients 

Not on Drug Therapy 
Baseline 1-Month 
Mean 


Total cholesterol 273 
LDL cholesterol 195 
HOL cholesterol 47 
Triglycerides 165 
Total/HDL 6.3 


*Unit for ail lipid variables | is mg/dl. 
fPatients brad ng antihypertensive, cardiac or other related medications. 
tSignificant change from baseline (p level for matched pair t tests < 0.0003). 


HDL = high-density lipoprotein; LDL = 





Hypertensive Patients 


Baseline 





All Hypertensive 
on Drug Therapy Patients 
1-Month 
Change 


]-Month 
Change 


Baseline 


low-density lipoprotein. 









































ue e, mean total cholesterol + SD was 268 + month of lovastatin therapy for all hypertensive patients. — 
. 24 mg/dl, mean LDL cholesterol was 189 + 22 mg/dl. ^ In the hypertensive patients, total cholesterol de- 
mean HDL cholesterol was 43 + 10 mg/dl, mean tri- creased by 19% from a baseline mean of 268 mg/dl to 
glycerides was 191 + 92 mg/dl, and mean ratio of total a mean of 217 mg/dl after 1 month of therapy. LDL cho- 
to HDL cholesterol was 6.6 + 1.6. lesterol was also reduced from 189 to 137 mg/dl, a 27% 

Effectiveness at one month of therapy in all hyper- decrease. HDL cholesterol increased by 6%, from 43 to 
cholesterolemic hypertensive patients: Table II lists 46 mg/dl. Triglycerides were reduced by 10%, from 191 
lipid values for all hypertensive patients at baseline and to 171 mg/dl; the ratio of total to HDL cholesterol de- 
mean changes at | month from baseline. Figure 1 con- creased by 24%, from 6.6 to 5.0. All of these changes 
tains percent changes in serum lipids from baseline to 1 were significant (p = 0.0001). 
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FIGURE 1. Percent changes from baseline for all hypertensive patients (n = 213). HDL = high-density lipoprotein; LDL = 
low-density lipoprotein. 
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— After 1 month of lovastatin therapy, 40% of hyper- 
-tensive patients with coronary artery disease or 2 coro- 
nary artery disease risk factors (other than hypercholes- 
terolemia) attained a goal LDL level («130 mg/dl), 
whereas 67% of hypertensive patients who had neither 
coronary artery disease nor 2 risk factors attained goal 
LDL («160 mg/dl). Overall, 42% of hypertensive pa- 
tients achieved goal LDL levels; 4796 of hypertensive 
patients who had baseline HDL «35 mg/dl achieved 
goal HDL levels (235 mg/dl). 

Figure 2 represents the percent changes from base- 
line to 1 month of lovastatin therapy for all normoten- 
sive (n = 271) and hypertensive (n = 213) patients in the 
original study. As previously reported,* no significant 
differences were observed in lipid changes between the 
normotensive and hypertensive groups. 

. Effectiveness after one month of therapy by 
types of drug therapy: Table H also lists baseline 
mean lipid values and changes at 1 month from base- 
line for the 189 patients receiving drug therapy. The rea- 
son for the drug therapy was the patients’ hypertension. 
The results of the analysis for this subgroup were almost 
identical to those of the total group of hypertensive 
patients. After 1 month of lovastatin therapy, total 
cholesterol and LDL cholesterol decreased by 19 and 
28% respectively. HDL cholesterol increased by 7%. 
Triglycerides were reduced by 1096 and the ratio of total 
to HDL cholesterol decreased by 24%. All changes were 
significant (p $0.0003). After 1 month of therapy, 43% 
of the patients in this subgroup achieved goal LDL lev- 
els. Forty-seven percent of patients in this subgroup 
who had a baseline HDL «35 mg/dl achieved desirable 
HDL levels (235 mg/dl) within 1 month of lovastatin 
therapy. 

Table III contains mean lipid values at baseline and 
the mean of 1-month changes from baseline for the 163 
patients receiving antihypertensive drugs. The results of 
. the analysis for this subgroup were very similar to those 
of the total sample of hypertensive patients. After ! 
month of therapy, total cholesterol, LDL cholesterol and 
triglycerides decreased by 19, 27 and 11%, respectively. 
HDL cholesterol increased by 7%. The ratio of total to 
HDL cholesterol was reduced by 24%. All changes were 
significant (p €0.0003). After 1 month of lovastatin ther- 
 apy, 41% of the patients in this subgroup who had ele- 
vated baseline LDL cholesterol levels achieved goal 
LDL levels, whereas 47% of the patients with low base- 





Diuretics 












1-Month 
Change 


Baseline 





Total cholesterol 


LDL cholestero! 190 ~52t 
HDL cholesterol 42 3.57 
Triglycerides 211 -321 
Total/ HDL 6.7 —-1.7t 






*Unit for all lipid variables is mg/di. 


TABLE IV Lipid Data* for Hypertensive Patients Receiving Diuretics (n = 102), Beta 
Blockers (n = 67) and Angiotensin-Converting Enzyme Inhibitors (n = 39) 





Baseline 
Mean 


189 SOLI —50f 
4] 2:41 42 2.Bt 
195 «5.9 191 

6.8 expo 6.6 


tSignificant change from baseline (p level for matched pair t tests < 0.05). l 
ACE = angiotensin-converting enzyme; HDL = high-density lipoprotein; LOL = low-density lipoprotein., 


TABLE IHI Lipid Data* for 163 Hypertensive Patients 
Receiving Antihypertensive Drugs (diuretics/beta — 
blockers/angiotensin-converting enzyme inhibitors/other 
antihypertensive drugs) 





Baseline 


Total cholesterol 


LDL cholesterol 189 -51t 
HDL cholesterol 42 3l 
Triglycerides 197 —-21t 
Total/ HDL 6.7 —1.6f 










































*Unit for ali lipid variables is mg/d! — 
tSignificant change from baseline (p level for matched pair t tests < 0.0003). 
HDL = high-density lipoprotein; LOL = low-density lipoprotein, 





line HDL cholesterol levels attained desirable HDL 
cholesterol levels. 

Table IV contains separate analyses for the sub- 
groups receiving diuretics, B blockers, and angiotensin- 
converting enzyme inhibitors. The results of the analy- 
ses for these subgroups were almost identical to those 
in the total group of hypertensive patients receiving anti- 
hypertensive medications. The only exception was the 1- 
month reduction in triglycerides, which was not statisti- 
cally significant for the subgroups taking B blockers 
(nz 67) and angiotensin-converting enzyme inhibitors 
(n = 39). This may be attributed to the small sample 
sizes of these subgroups. 

Six-month treatment period: The serum lipid 
reductions achieved after | month of diet plus lovastatin 
therapy were maintained over the full 6 months of treat- 
ment. Figure 3 plots mean values of LDL cholesterol 
during the 6 months of therapy for both hypertensive 
and normotensive patient groups. The trend observed in 
Figure 3 for LDL cholesterol is representative of the 6- 
month time course of the other lipid parameters which 
were examined but are not reported here. In all these 
parameters, change occurred after 1 month and was sta- 
ble until the end of study. 

By the end of the study, the average dosage for the 
hypertensive patient group was 35.8 + 18.7 mg/day and 
that for the normotensive group was 38.6 + 202 mg/day. 

There were no unusual or unexpected adverse effects 
attributed to lovastatin during the 6-month treatment 
period. The most frequently reported adverse effects 
included abdominal pain, diarrhea and constipation. 
Overall, 85 patients reported at least 1 clinical adverse 
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d DISCUSSION | 
. . Systemic hypertension tends t o 

with lipid abnormalities.97? Thes 
also accelerate the rate of atherogen 
hypertension.) Some of the antihyperte 
while controlling hypertension, may lead to i 
LDL or triglycerides, or both, and reduction 





- cholesterol.©9 This may have prevented the expecte ; : re- | 


. duction in coronary artery disease risk anticipated. from 
d antihypertensive therapy? 

.... In some circumstances it is desirable to administer 
`- diuretics or B blockers to control hypertension (i.e., when 
- hypertension is accompanied by cardiac failure or angi- 





“na pectoris). 7 However, it is important to know whether 
a given antihypertension agent can adversely affect. blood 
lipids. The present study showed that lovastatin therapy 
xrcholes-- 
terolemic hypertensive patients without changes in blood 


is effective in reducing serum lipids in hy 





- pressure control. In our previous publication, we showed 
. that reductions in serum lipids in hypertensive patients 
E were comparable to those of normotensive. patients. = 

ee the dosage required to achieve substantial improve- 
ments in the lipid profile of hypertensive subjects (35.8 
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| . Patients with congestive heart failure demon- 

_. Strate attenuated endothelium-dependent vasodi- 
lation of the peripheral vasculature, but there are 
no data regarding the effect of therapies on this 
abnormality or whether this abnormality is 
reversible. This study was performed to address 
the hypothesis that abnormalities in endothelium- 
dependent vasodilation in heart failure are im- 
flow responses to the intraarterial administration 
of a dose range of methacholine, an endotheli- 
um-dependent vasodilator, and nitroprusside, an 
endothelium-independent vasodilator, were exam- 
ined in 2 separzte protocols. In protocol 1, fore- 
arm blood flow responses to methacholine in 14 
heart 1t recipients were 5.02 + 3.11, 
11.55 + 7.20 and 11.61 + 10.24 mi/min/100 mi 
forearm volume. These responses were signifi- 
cantly greater than those in 10 patients with 
heart failure (2.23 + 1.22, 4.60 + 3.43 and 6.70 + 
4.91 mi/min/100 ml forearm volume; p «0.05). in 
contrast, the responses to nitroprusside were 
nearly identical in the 2 groups. In protocol 2, six 
patients were studied before and 4 months 
(range 1 to 11) after transplantation. Metha- 
choline responses before transplantation were 
2.5 + 1.3, 5.2 + 1.5 and 7.3 + 1.5 mi/min/100 ml 
forearm volume and were significantly improved 
after transplantation to 5.7 + 1.2, 12.1 + 3.0 and 
14.2 + 2.2 mi/min/100 mi forearm volume (p «0.05). 
Peak reactive hyperemia responses increased 
significantly from 19.0 + 3.7 to 44.8 + 6.4 
mi/min/100 mi forearm volume (p «0.01) after 
transplantation. These data demonstrate that 
heart transplantation was associated with a sig- 
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nificant improvement in the forearm poor flow 
transplantation was consistent when comparing a 
heart failure and in a separate group of satier 
studied both before and after transplantation. 
The improvement in endothoun depentont 
vasodilation may occur in the setting of an 
improvement in overall responsiveness of the 
peripheral vasculature. These data demonstrate 
that abnormal endothelium-dependent responses 
in heart failure are reversible. 

(Am J Cardiol 1993;71:88-93) 








strate that endothelium-dependent vasodilation is 

abnormal in a number of disease states char- 
acterized by vascular pathology and/or heightened va- 
soconstriction including atherosclerosis, hypercholes- 
terolemia and systemic hypertension."9 Other animal 
studies have shown that these abnormalities are revers- 
ible with dietary fish oil,’ supplementation of L-arginine® 
or certain vasodilating agents.? Studies in a canine 
model of heart failure induced by rapid ventricular pac- 
ing and in the rat myocardial infarction model have also 
demonstrated abnormal endothelium-dependent vasodi- 
lation in the peripheral vessels.!?!! There have been few. 
studies assessing endothelial function in patients with 
heart failure. Treasure et al!’ found abnormal endotheli- 
um-dependent dilation of the coronary arteries in pa- 
tients with dilated cardiomyopathy. We have previously 
demonstrated that forearm blood flow responses in 
patients with heart failure to endothelium-dependent 
vasodilators were reduced compared with responses to 
endothelium-independent vasodilators.!? Our previous 
study additionally demonstrated that this abnormality 
was not related to age or the presence of atherosclero- 
sis because the defect was of similar magnitude between 
patients with ischemic and idiopathic dilated cardiomy- 
opathy. There are no data regarding the effect of thera- 
pies on endothelium-dependent vasodilator responses in 
patients with heart failure and whether or not this ab- 
normality is reversible. Heart transplantation normalizes 
cardiac output and reverses excessive sympathetic stim- 
ulation and arterial baroreflex abnormalities.!^!^ We 


De from both animal and human studies demon- 
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AR the ie that endothelium-dependent 
-vasodilation of the peripheral vasculature in patients with 
heart failure could be improved by heart transplantation. 
We again used strain-gauge plethysmography to com- 
pare vasodilator responses to the intraarterial adminis- 
tration of subsystemic doses of methacholine in patients 
with heart failure before and after heart transplantation. 
We also compared the responses to nitroprusside, an endo- 
thelium-independent vasodilator, between heart transplant 
recipients and patients with heart failure. 





METHODS 

This study consisted of 2 protocols involving sepa- 
rate patient groups. Protocol 1 comprised 14 heart trans- 
plant recipients, including 13 men and 1 woman (mean 

-age 54 t 9 years) (Table D). Patients were studied an 
average of 14 months after transplantation (range 2 to 

50 months) and were treated with cyclosporine, azathio- 
prine and prednisone.'© Antihypertensive therapy with 
enalapril (n 2 2), captopril (n= 2), nifedipine (n = 4), 
and the combination of enalapril and nifedipine (n = 2) 
was withdrawn 24 to 48 hours before the study. For 
~ comparison, Table I also includes baseline characteris- 

tics of 10 patients with heart failure who were reported 
previously in a study demonstrating that endothelium- 
dependent vasodilation is abnormal in patients with 
heart failure.? These patients had moderate to. severe 
left ventricular dysfunction (mean ejection fraction 20 + 
10%). All were clinically stable without acute decom- 
pensations and had New York Heart Association class 
II or III symptoms. 

. To further study the effects of transplantation, metha- 
-choline responses were examined in 6 male patients both 
- before and after heart transplantation in ege 2 
- (Table ID. Mean age was 47 years (range 40 to 56). 
- Before transplantation all patients had severe left ven- 

tricular systolic dysfunction with a mean + SD ejection 
fraction of 25 + 11% measured by radionuclide ven- 
triculogram. Patients were clinically stable without acute 
decompensations of heart failure. Heart failure was relat- 
ed to ischemic heart disease (n = 3) or idiopathic dilat- 
ed cardiomyopathy (n- 3). All patients were treated 

— with digoxin and diuretics which were held on the 
morning of the study. Vasodilating therapy with con- 
verting enzyme inhibitors in all 6 patients was with- 
drawn 24 to 48 hours before the study. Patients were 

E stidied. a i second time an average of 4 months (range 1 





immunosuppression protocol used in protocol 1. The 
length of time between studies was 13 + 4 months. 
Three patients were taking antihypertensive therapy af- 
ter transplantation with either enalapril, nifedipine or 
isordil, which were withdrawn 24 to 48 hours before the 
study. All patients gave informed consent and this study 
was approved by the Committee on Human Subjects in 
Research. 

The study preparation has been described previous- 
ly. An 18 gauge cannula was placed into the brachial 
artery of the nondominant arm for drug infusion using 
. a Harvard infusion pump. Forearm blood flow was mea- 
` sured using a mercury in Silastic strain gauge and an 
a calibrated peg morn pa" Hoo 





. but not by preset m 


TABLE |. Patient Characteristics — Protocol 1 


Patients with 
Heart Failure* 
{n= 10) 


54+ 17 

85 + 16 

80 x 12 
2.87 € 2.11 


Transplant 
Recipients 
(n= 14) 


54 x9 
88 + 13 
102 + 12ł 
3,39 + 1.47 


Age (year) 
Heart rate (beats/min) 
Blood pressure (mm Hg) 
Forearm blood flow (mi/min/100 mi 
FAV) 
Forearm vascular resistance (U) 
Plasma renin activity (ng/mi/ hour) 
Plasma norepinephrine {pg/ml} 374 + 1661 
Total cholesterol (mg/dl) 225 + 47% 
Reactive hyperemia (mi/min/ 3l t 16 
100 mi FAV) 
*Patients were included in a previous report identifying the abnormality in endothe- 
lium-dependent vasodilation in neart failure. t 
tp «0.01; tp «0.05 versus heart failure. 
Plasma renin activity is reported:as median (interquartile range) and compared by 


| Wilcoxon rank-sum tests, 
FAV = forearm volume. 


32 £ 13 
13 (9.2-63) 


39 + 17 
36 (9.4—70) 
618 + 269 
185 x 40 

24+ 14 


| TABLE H Patient Characteristics — Protocol 2 


Before 
Transplant 


After 
Transplant 


78.3 € 13.4 
75 x5 98 + 10$ 
74 £t 16 85 x 10 
3.3411 3. € 1.5 


Weight (kg) TEAS 12.2 
Mean arterial pressure (mm Hg) 
Heart rate (beats/min) 
Forearm blood flow (ml/min/ 100 mi 
FAV) 
Forearm vascular resistance (U) 
Plasma norepinephrine (pg/ml) 
Plasma renin activity (ng/ml/hour) 
Creatinine (mg/dl) 
Total cholesterol (mg/dl) 
Low-density lipoproteins (mg %) 
(n = 3) 
Pulmonary-edge pressure (mm Hg) 
(n = 5) 
Cardiac output (L/min) (n = 5) 
Systemic vascular resistance 
(dynes s cm^5) tn = 5) 
Reactive hyperemia (mi/min/ 
100 mi FAV) 


“0.05 < p <0.10; tp <0.05; ip <0.01; $p <0.001. 
FAV = forearm volume. 


30.5 + 11.1 37.0 + 16.0 
698 + 478 240 + 91t 
16.4(3.8-322) 3.8 (2.0-8.0)* 
11z01 1.3 € 0.4 
194 + 20 235  62* 
121 +6 123 31 
20 x 12 11 + 3* 
3.9 x 0.8 
1,585 + 385 


52 xD. B^ 
1,519 * 353 


19.0 953.7 44.8 + 6.41 





ECS). Five consecutive measurements were averaged 
and expressed as ml/min/100 mi forearm volume. Hand 
circulation was excluded with a wrist cuff inflated to 
suprasystolic pressure. Heart rate (beats/min) was 
recorded using a precordial electrocardiographic lead. 
Blood pressure was recorded in the contralateral arm 
with a cuff sphygmomanometer. Mean blood pressure 
(mm Hg) was calculated as the sum of the diastolic pres- 
sure and 1/3 of the pulse pressure. Peak reactive hy- 
peremia was measured after 5 minutes of arterial occlu- 
sion produced by inflating the upper arm cuff to supra- 
systolic pressures. The first 2 flow measurements after 
cuff release were averaged. 

Methacholine was used to stimulate endothelium- 
dependent vasodilation. Although. methacholine has 
several pharmacologic actions, previous studies have 


demonstrated that its vasodilator action is attenuated by 


removal of the endothelium and by methylene blue 
ine or acetylsalicylic acid, suggest- 
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g that its precominant effect was endothelium-depen- 
dent. 57!$ Methacholine was reconstituted from a ster- 
ile lyophilized powder, passed through a 0.22 p mil- 
lipore filter and diluted in 596 dextrose in water. Based 
on our previous studies 3 doses were used including 0.3, 
1.5 and 3.0 jg/min.'? Nitroprusside was used as the ref- 
erence endothelium-independent vasodilator. Although 
nitroprusside may produce vasodilation through hyper- 
polarization of vascular smooth muscle similar to 
endothelium-derived relaxing factor, this mechanism is 
less important than its direct activation of smooth mus- 
cle guanylate cyclase.!? Nitroprusside was infused at 
doses of 1, 5 and 10 jxg/min, since previous studies dem- 
onstrated that forearm blood flow responses were simi- 
lar to those observed with methacholine in normal sub- 
jects.'^ The volumetric rate for all infusions was either 
0.5 or 1 ml/min, which has only a small effect on fore- 
arm blood flow. 

After catheter placement, the subjects rested quietly 
for 230 minutes before baseline measurements. A sec- 
ond measurement was repeated after 5 minutes to insure 
a stable baseline. Blood samples were then obtained for 
baseline plasma renin activity and plasma nore- 
pinephrine. Peak reactive hyperemia was then measured 
followed by a 15-minute recovery period. 

For protocol 1, forearm blood flow was measured 
before each infusion and then repetitively during a 1.5- 
minute infusion of each dose of methacholine. Because 
previous studies demonstrated that forearm blood flow 
remained constant during a 5-minute infusion of metha- 
choline,'? the last 5 flow measurements were averaged 
for all interventions. To monitor systemic effects, heart 
rate and blood pressure from the contralateral arm were 
recorded before and just before completion of the infu- 
sion. There was a 10- to 15-minute rest period between 
each dose of methacholine to allow flow to return to 
baseline. After 30 minutes, each subject then received a 
dose range of nitroprusside, again with each dose sepa- 
rated by 10 to 15 minutes. 
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In protocol 2, the response to an ndothelium-depen- m 


dent vasodilator was assessed before and after trans- — 





s included measure- 
ments of forearm blood flow at baseline and during the 
dose range of methacholine that was identical to proto- 
col 1. The same protocol was completed after heart trans- 
piantation. Because of changes in the protocol, the first 
2 patients received only the highest dose of methacholine 
instead of the full dose range. There was no overlap 
between patients included in protocols 1 and 2. Peak reac- 
tive hyperemia was measured both before and after trans 
plantation but nitroprusside responses were not measured. 

Blood samples for plasma norepinephrine and plas- 
ma renin activity were analyzed by Dr. Ada Simon in 
the Cardiovascular Biochemistry Core Laboratory using 
a radioenzymatic technique with 8% intraassay coeffi- 
acid l of variation and radioimmunoassay, respective- 
ly": | | 
Baseline characteristics of the transplant recipients in 
protocol 1 were compared with the heart failure group 
by unpaired / test or Wilcoxon rank-sum test. Paired : 
tests or Wilcoxon signed rank tests were used to com- 
pare protocol 2 data before versus after transplantation. 
Analysis of variance with repeated measures was used 
to compare the methacholine and nitroprusside dose 
response curves in protocol 1. Since the methacholine 
responses in the heart transplant recipients from proto- 
cois | and 2 were similar, their responses were pooled 
to examine factors that relate to the variability in metha- 
cheline responses. Correlations with the responses to the 
1.5 g/min dose were examined for age, cholesterol, 
mean blood pressure, baseline forearm blood flow, neu- 
rohormonal measurements and time from transplanta- 
tion. Data are expressed as mean + 1 SD unless speci- 
fied and are considered significant at p «0.05. 


RESULTS 
The baseline characteristics of the 2 groups in proto- 
col 1 are listed in Table I. Mean blood pressure was sig- 


plantation in the same patient. Thi 
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n cantly higher in. te —— recipients than in 
-patients with heart failure. There were no significant dif- 
ferences in baseline forearm blood flow and forearm 
vascular resistance. When compared with patients with 
heart failure, transplant recipients had a similar plasma 
renin activity, a lower plasma norepinephrine and a high- 
er total cholesterol. 
For the 3 doses of methacholine, the forearm blood 
flow responses in the heart transplant recipients were 
5.02 + 3.11, 11.55 + 7.20 and 11.61 + 10.24 ml/min/100 
ml forearm volume (Figure 1A). These responses were 
significantly increased pude with the patients with 
heart failure (2.23 + 1.22, 4.60 + 3.43 and 670 + 4.91 
 mi/min/100 ml forearm volume; p = 0.03). To assess the 
specificity of this difference, responses to nitroprusside 
. and peak reactive hyperemia were examined. For the 3 
- doses of nitroprusside, the increases in forearm blood 
flow for the heart transplant group were 2.64 t 2.18, 
8.32 + 4.86, and 10.41 + 6.45 ml/min/100 ml forearm 
volume and were nearly identical to the patients with 
heart failure (Figure 1B). Peak reactive hyperemia (Table 
D tended to be higher in the transplant group (31 + 16 
M 24 + 14 mi/min/100 ml forearm volume; p = 0.10). 
Table II summarizes the changes before and after 
transplantation in the 6 patients in protocol 2. After 
transplantation, mean blood pressure was significantly 
increased from 75 + 5 to 98 + 10 mm Hg (p «0.001). 
Weight, heart rate, forearm blood flow and forearm vas- 
cular resistance tended to increase, but the changes were 
not statistically significant. After transplantation, there 
was a significant decrease in plasma norepinephrine, a 
trend for a decrease in plasma renin activity and the 
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and cardiac output. Total cholesterol tended t to increase n Ü 


but there was no change in low-density lipoproteins. 

Before transplantation, the dose range of 0.3, 1.5 ind 
3.0 g/min methacholine increased flow by 2.5 + 1.3, 
52 + L5 and 7.3 + 1.5 ml/min/100 ml forearm volume, 
respectively (Figure 2). After transplantation, these re- 
sponses were significantly increased to 5.7 + 1.2, 12.1 t 
3.0 and 14.2 + 2.2 ml/min/100 ml forearm volume. The 
responses were consistent so that the changes were sig- 
nificant for all 3 doses (each p «0.05). Peak reactive 
hyperemia (Table ID was reduced to 19.0 + 37 
ml/min/100 ml forearm volume before transplantation 
and increased significantly to 44.8 + 6.4 ml/min/100 ml 
forearm volume (p «0.01) after transplantation. 

There were no changes in mean arterial pressure dur- 
ing the infusions of methacholine and nitroprusside in 
protocols 1 and 2. Therefore, changes in forearm vas- 
cular resistance were the inverse of changes in forearm 
blood flow and revealed similar findings. There was a 
trend for a higher baseline forearm blood flow in trans- 
plant recipients than in patients with heart failure in both 
protocols 1 and 2, but these differences were not sig- 
nificant. Nonetheless, analysis of the flow responses 


using analysis of covariance to adjust for baseline differ- 


ences yielded similar results. Finally, similar to our pre- 
vious analysis, the etiology of heart failure did not effect 
the abnormal response to methacholine in the patients 
with heart failure in either protocol 1 or 2, since simi- 
lar responses were observed in patients with ischemic 
heart disease and patients with idiopathic dilated 
cardiomyopathy. 

To assess potential mechanisms for the improvement 
in endothelium-dependent vasodilation after transplan- 
tation, the methacholine responses in the total of 20 
transplant recipients from protocols 1 and 2 were exam- 
ined relative to several factors. There were no significant 
correlations between the methacholine response and age 
(r = 0.32), cholesterol (r = —0.17) or plasma norepinephrine 
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(rz-0.12). There were tendencies for associations 
between the methacholine response and baseline mean 
arterial pressure (r= 0.42; p=0.07) and plasma renin 
activity (r=-0.43; p=0.07). The methacholine 
response was significantly related to baseline forearm 
blood flow (r=0.59, p=0.01) so that the higher the 
baseline flow, the larger the methacholine response. Fig- 
ure 3 summarizes the individual responses to the 1.5 
p.g/min dose of methacholine based on the time from 
transplantation. Improvement in the methacholine 
response was not dependent on time from transplantation 
(r= 0.1) and was seen as early as 5 weeks after trans- 
plantation. 


DISCUSSION 

These data demonstrate that heart transplantation was 
associated with 3 significant improvement in forearm 
blood flow responses to intraarterial methacholine. This 
improvement was identified when comparing a group of 
transplant recipients and patients with heart failure as 
well as comparing the same patient before and after 
transplantation, and was of similar magnitude in both 
comparisons. Although these data demonstrate an im- 
provement in endothelium-dependent vasodilation after 
transplantation, we cannot exclude improvements in 
overall vascular responsiveness. In protocol 1, responses 
to nitroprusside were nearly identical between the heart 
failure and transplant groups. However, in protocol 2 
peak reactive hyperemia responses were significantly 
higher after transplantation, confirming the findings of 
Sinoway et al. Therefore, the improvement in endothe- 
lium-dependent vasodilation after transplantation may 
occur in the setting of an improvement in overall respon- 
siveness of the peripheral vasculature. 

Improvement in methacholine responses occurred 
despite potentially important differences in baseline 
characteristics between transplant recipients and patients 
with heart failure in protocol | and the comparison 
before and after transplantation in protocol 2. Spe- 
cifically the transplant recipients had increased blood 
pressure, treatment with cyclosporine, increased choles- 
terol and treatment with calcium antagonists. Endothe- 
lium-dependent vasodilation is attenuated in both animal 
models and patients with hypertension.!? Studies have 
shown that cyclosporine results in vasoconstriction, pos- 
sibly mediated by sympathetic stimulation or sodium 
retention.” Elevated cholesterol has been shown to limit 
endothelium-dependent responses in both animal mod- 
els and human subjects.!^ Finally, calcium channel an- 
tagonists may by themselves have an inhibitory effect on 
endothelium-dependent responses.?^7 Although the 
transplant recipients and patients with heart failure have 
several different baseline characteristics, all of these fac- 
tors would be expected to reduce endothelium-dependent 
vasodilation after transplantation. Thus, improvements in 
the methacholine responses noted in the transplant recip- 
ients relative to the patients with heart failure are even 
more striking. 
^... To our knowledge, this is the first study demonstrat- 

ing improvement in endothelium-dependent vasodilator 
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responses in the peripheral vasculature of patients with- 
heart failure after heart transplantation. Endothelium- 
dependent coronary vasodilation is also abnormal in pa- 
tients with heart failure*!? and frequently remains ab- 
normal after transplantation."?^ This defect in the coro- 
nary arteries after transplantation is likely related to an 
immunologic process directed at donor endothelial cells. 
Thus, although endothelium-dependent vasodilation is 
abnormal in both the coronary and peripheral vascula- 
ture in patients with heart failure, there may be an im- 
pertant dissociation in these vascular beds after trans- 
plantation. 

The demonstration that abnormal endothelium-de- 
pendent vasodilation in heart failure was improved by 
transplantation suggests that this defect is not irrevers- 
ibie and provides insight regarding possible pathophysi- 
ologic mechanisms. These data again suggest that age 
cannot account for attenuated endothelium-dependent 
vasodilation in heart failure. In protocol 1, the age of the 
transplant recipients was similar to the patients. with 
heart failure. In protocol 2, the methacholine responses 
were increased in the transplant recipients despite being, 
on average, | year older. It is possible that the abnor- 
mality in heart failure and the improvement after trans- 
plantation are related to the effect of counterbalancing 
vasoconstriction mediated by neurohormonal pathways 
since both plasma norepinephrine and plasma renin ac- 
tivity were decreased after transplantation. However, the 
correlations between the methacholine response and 
plasma renin activity (r— —0.43) and plasma norepi- 
nephrine (r = —0.12) were modest. Additional studies are 
necessary to assess the specific influences of these neu- 
rohermonal mechanisms on methacholine responses. 
Early improvement and lack of correlation with time 
after transplantation suggest that changes in heart failure 
are related to a functional impairment. However, because 
we did not measure responses serially in the same 
patient after transplantation, we cannot exclude an effect 
mediated by structural changes or long-term remodeling 
of the vasculature. 

This study is limited by the fact that patients in pro- 
toco! 2 did not receive nitroprusside before and after 
transplantation so that a direct comparison of endotheli- 
um-independent responses with the patients as their own. 
controls was not possible. Therefore, we cannot exclude 
à concomitant improvement in endothelium-independent 
vasodilation. However, the responses to nitroprusside in 
patients with heart failure and heart transplant recipients 
(protocol 1) were nearly identical. Methacholine respons- 
es are only indirect. measurements of endothelium- 
dependent vasodilation, because in vitro methacholine 
has a direct smooth muscle constrictor effect, can inhib- - 
it norepinephrine release from nerve terminals and can 
stimulate prostacyclin production..!?5 However, simi- 
lar forearm studies have shown that acetylcholine re- 
sponses are not altered by phentolamine or acetylsali- 
cylic acid, suggesting that these other potential mecha- 
nisms do not contribute substantially to its vasodilator 
effects in vivo.” Patients with heart failure were all treat- 
ed with digoxin. Ouabain has been shown in vitro to 








"aitenuate endothelium-dependent vasodilation in some 
-vascular beds???8 but not in others.?? Moreover, ouabain 
may also affect endothelium-independent vasodilation.?? 
Additional studies are necessary to exclude a specific 
effec -of digoxin in vivo. 





- 


This study was not designed to determine the specif- 
ic mechanisms by which transplantation improved the 
methacholine responses. Some possibilities include an 
effect related to conditioning, increased cardiac output, 
withdrawal of vasoconstrictor tone or decreased vascu- 

lar and interstitial edema. Finally, these studies evaluat- 
ed stimulated endothelium-dependent responses so that 
the contributions to basal vasomotor tone are not known. 
- It is conceivable that patients with heart failure have 
_ attenuated responses to stimulation by methacholine but 
have heightened basal release of endothelium-derived 
relaxing factor. 
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The neonatal lupus syndrome consists of transient 
taneous lupus lesions or permanent congenital 
^ . comple heart block (or hepatic fibrosis), or both, 
: in infants bom to mothers with systemie lupus 

ET tosus (SLE). The frequency of conduction 
ies was examined atv aite dpa. 


AP the offspring demonstrated normal sinus rhythm in 
. A 84 of 86 of n The PR interval was normal for 
.. age («95th percentile) in 82 offspring and normal 
- for heart rate in 81. Three children had a PR inter- 
> val >95th percentile (i.e., first-degree heart block) 
age or heart rate (>95th percentile) was <0.18 
second. In contrast, using a rank assignment of 
PR intervals in relation to heart rate and age 
derived from published standards, grouped data 
indicated that heart rate adjusted for age was 
greater and PR interval adjusted for heart rate 
longer in offspring of mothers who had the onset 
of SLE before or during pregnancy than in the nor- 
mal population; this observation did not hold for 
offspring whose mothers developed SLE after the 
pregnancy. These findings indicate that offspring 
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cutaneous lupus lesions or permanent congenital 
complete heart block (or hepatic fibrosis), or 
both, occurring in a small percentage of infants born 
to mothers with systemic lupus erythematosus (SLE). 
The prevalence of connective tissue disease in moth- 
ers of babies with congenital complete heart block 
ranges from 33 to 64%.'* Half of these women are 
symptomatic; the other half have only serologic evi- 
dence of connective tissue disease.? In symptomatic 
mothers, SLE is the usual underlying disorder, but Sjo- 
gren syndrome, rheumatoid arthritis and undifferentiat- 
ed connective tissue disease have also been found.24 
In | study, the relation between maternal high-titer 
antibody and congenital complete heart block suggest- 
ed a possible dose-response effect. However, the elec- 
trocardiograms of all the infants were not reported. 
Support for a dose-response relation would be in- 
creased, if more subtle conduction disturbances were 
detected by the electrocardiogram. This study exam- 
ines the frequency of conduction abnormalities in off- 
spring of mothers with SLE by identifying mothers 
with SLE rather than by identifying affected infants. 
Our hypothesis is that offspring of mothers with SLE 
would have a spectrum of conduction disturbances on 
the resting electrocardiogram ranging from first-degree 
atrioventricular block to the already recognized con- 
genital complete heart block. 


METHODS 
In 1982 and again in 1988, women with SLE (1982 
American Rheumatism Association revised criteria for 
SLE) followed in the Rheumatology Clinic at the Uni- 
versity of Michigan were asked at the time of their reg- 
ularly scheduled appointment if they ES ever been 
pregnant. For each cohort (1982 [n = 32] and 1988 
[n = 21]), women with children were later contacted 
by telephone and asked to participate in the study. 
Thirty-two of 42 mothers contacted in 1982 and 21 of 
22 in 1988 agreed to participate in the study. In all, 84 
of 92 living offspring of 53 women were evaluated. 
Except for 3 siblings who had electrocardiograms 
obtained at a local hospital, electrocardiograms were 
recorded on a Cambridge VS-550 electrocardiograph- 
ic recorder (frequency response, direct current to 100 
Hz) with a heat writer on paper moving at 50 mm/s. 
Consent forms and questionnaires pertaining to the 
mothers and childs medical history were completed for 
each offspring. Anti-SSA/Ro and Anti-SSb/La anti- 
body status was available from 25 mothers (18 from 
1988, and 7 from iaa The study protocol, written 
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. consent oo and questionnaires for both cohort 1 

— similar and were approved by the institutional. review 

- board of the University of Michigan. 

- Electrocardiographic intervals (Table I) (heart rate, 
. and PR, QRS and QT intervals) were measured inde- 
. pendently by 2 investigators using a ruler calibrated to 
0.5 mm. Because electrocardiographic standards for 
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conduction. 
HR = heart. rate; La-Ab = anti-La. antibody; NA = 
antibody present; PR = -PR interval; Ro-Ab = anti- Ro ete. 
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are constant over time, a contemporary control grou 
was not necessary. We used standards published i in Ki 
by Davignon et al’ that were derived from data in a pop- 
ulation of 2,141 children (age range 0 to 16 years) divid- 
ed into 12 age groups. Age-dependent PR intervals and | 
QRS duration percentiles, as well as distributions of . 


_Intervats. " 


PR 
(ms) 


HR 
(beats/min) 


QTNC- 
(ms) 


| (RS. 
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i atrioventricular block for both age and heart rate; 
i conduction. 





















these values, from that study were used as the norma- 
tive values in the present study. However, because of the 
wide range of normal PR intervals at different heart rates 
. and ages (Figures 3 and 4 from Davignon et al), each 
. PR interval of the subjects in our study was assigned a 
rank order of 1 to 8 corresponding, in order, to a rank 
... value «2nd percentile (rank value = 1), between the 2nd 

— and Sth, the Sth and 25th, the 25th and 50th, the 50th 
.. and 75th, the 75th and 95th, and the 95th and 98th per- 
centiles, and finalh n >98th percentile (rank value = 8). 
The following 3 analyses were then performed: (1) com- 
~ parison of the 1982 and 1988 data to determine if the 

. cohorts differed; (2) comparison of all data to examine 
_ the effect of onset (before and during vs after pregnan- 
y. as well as other variables; and (3) repetition of anal- 
- ysis 2 using only data from the eldest child to eliminate 
any intrafamily effects. Tests used to perform these anal- 
. yses included 1-way analysis of variance model, Mann- 
Whitney nonparametric test, chi-square test of indepen- 
dence, and analysis of co-variance and log-linear mod- 
els. Differences were considered significant if the p 
alue was «0.05. 





| ” Elechnacatdiographle = : 








Intervals. 
Age HR PR QRS QTNC A 
Mother Ro-Ab | La-Ab Offspring (year) (beats/min) (ms) (ms) (ms) 
34 NA NA 34A 22 60 160 80 360. 
NA NA 34B 26 75 180 60 . 360* 
NA NA 34C 31 49 160 100 380 
NA NA 34D 28 77 140 80 . 400 
35 NA NA 35A 14 75 140 60 360 
NA NA 35B 7 80 120 .80 360 
36 NA NA 36 24 74 160 80 400 
37 NA 37A 36A 15 75 140 100 370 
37B 36B 14 75 160 100 330 
38 NA NA 38 7 72 120 60 300 © 
39 NA NA 39A 33 63 160 80 360 
NA NA 39B 30 72 140 80 360 
NA NA 39C 24 75 140 90 320 © 
40 NA NA 40 7 136 150 80 . 260 
41 NA NA 41A 20 86 150 I0. 330 
NA NA 41B 23 63 160 60. 340 
NA NA 41C 25 88 140 50 320 
42 Pos Neg 42 31 75 160 80 370 
43 Neg Neg 43A 5 88 140 80 340 
Neg Neg 43B 10 88 120. 60 340 
44 NA NA 44 10 100 140 60 320 
45 NA NA 45 42 75 100 60 370 
46 NA NA 46A 1i 70 120 80 380 
NA NA 46B 12 68 120 60 400 
47 Pos Neg 47 14 96 140 80 360 
48 NA NA 48 32 70 150 60 340 
49 Pos Neg 49 28 77 140 70 360 
50 NA NA 50 12 114 160 60 310 
5] NA NA 51A 28 68 120 60 360 
NA NA 51B 25 60 180 70 440 
52 NA NA 52A 14 75 130 90 320 
NA NA 52B 17 53 160 90 380 
53 NA NA 53 20 100 140 70 | 320 


i *First- -degree heart block for age or heart rate; fatrioventricu'ar dissociation with junctional rhythm; ifirst-degree 
§short PR intervat with no & wave, suggesting enhanced atrioventricular 


7 HR = heart rate; La-Ab = anti-La antibody; NA = not available; Neg = maternal antibody not detectable; Pos = maternal 
| antibody present; PR = PR interval; Ro-Ab = anti-Ro antibody, 


RESULTS 
In this group of 53 women with SLE, serologic re- 
sults were known for 25 (Table D. A woman was con- | 
sidered as having anti-SSA/Ro antibody if the antiboc 
was found at any time. The rationale for this assum 


tion is based on the reported occurrence of anti-SSA fRo ' 
antibody before the onset of symptoms of SLE? and 


because this antibody tends. to remain present over pro- 
longed periods of time.5 Of these 25 women, most 


(76%) were antinuclear antibody positive; 50% were E 


anti-SSA/Ro antibody positive, and 56% were anti- 
SSB/La antibody positive. No mother had a child with. - s 
congenital complete heart block. T 

The mean age of the offspring studied was 14. 5+ e 
9.5 years. One-way analysis showed that the 1982- co- : a 


hort was older (p = 0.05) and, as would thus be expect- —— 
ed, had a slower heart rate (p = 0.04) than did the 1988 


cohort. However, the electrocardiographic intervals did 
not differ significantly between the 2- groups. SLE was. 


diagnosed before or during. pregnancy in 28 cases and- E 


after pregnancy in the remaining 58. During 7 pregnan- 
cies, the mothers were treated with prednisone. 
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analysis of electrocardiographic data (Ti ab 


showed sinus rhythm in 85 of 86 offspring. A M-year- 
old male offspring had both intermittent atrioventricular - 
dissociation and normal sinus rhythm, but normal atri- 


oventricular conduction during sinus rhythm. Serologic 
data were not available from this subjects mother. One 
20-year-old female offspring had right-axis deviation. 
The PR interval was «95th percentile for age (i.e., nor- 
mal) in 82 of 86 offspring and «95th percentile for heart 
rate in 81. Three children had a PR interval >95th per- 
centile (ie., first-degree heart block) for both age and 
heart rate: A 6-month-old male had a PR interval of 0.17 
seconds at a heart rate of 136 beats/min, a 6-year-old 
male had a PR interval of 0.17 second at a heart rate of 
100 beats/min, and a 13-year-old male had a PR of 0.18 
second at a heart rate of 69 beats/min. Although 2 of 
the mothers of these 3 subjects developed SLE before 
or during the pregnancy, all 3 mothers serum was 
devoid of anti-SSA/Ro and anti-SSB/La antibody. The 
PR interval of the other 6 subjects with first-degree heart 
block for age or heart rate (ie., 295th percentile) was 
«0.18 second. However, all offspring had intact atri- 
oventricular conduction, and no other isolated electro- 
cardiographic abnormalities were found. 

In contrast to the individual data, grouped data sug- 
gested subtle effects of maternal SLE on atrioventricu- 
lar conduction in offspring. Using the aforementioned 
rank assignment of PR intervals in relation to heart rate 
and age (and heart rate in relation to age), 2 differences 
were observed. First, heart rate adjusted for age was sig- 
nificantly (p = 0.003) higher in offspring whose moth- 
ers had the onset of SLE before or during pregnancy 
than in the normal population’; this difference was not 
present for children whose mothers developed SLE after 
pregnancy. Second, PR interval adjusted for heart rate 
(ie., rank score indicating a difference in percentile 
level) was significantly (p = 0. 0001) longer (ie., score 
was greater) in offspring whose mothers developed SLE 
before or during pregnancy than in the normal popula- 
tion.’ This difference was not present for subjects whose 
mothers developed SLE after pregnancy. These relations 
remained when only the eldest child was included in the 
analysis, supporting the likelihood of a difference relat- 
ed to SLE effects rather than to intrafamily effects. How- 
ever, the data were insufficient to distinguish between the 
effects of age and onset of SLE (before and during vs 
after pregnancy) on PR interval. The analysis examining 
an antibody effect on PR interval produced no signifi- 
cant results, perhaps owing to a small number of women 
in whom antibody status was known. 


DISCUSSION 
In these 2 cohorts comprising 86 offspring of 53 
mothers with SLE, we detected no isolated, significant, 
electrocardiographic abnormalities, even in children 
whose mothers were anti-SSA/Ro antibody positive. 
First-degree atrioventricular block was detected in 3 off- 
spring; however, the 3 respective mothers were antibody 
negative during pregnancy, suggesting that in these cases 
the minor conduction abnormalities were probably unre- 
lated to neonatal SLE. Similarly, the finding of an inter- 





n "mittente: escape junctional rhythm in 1 adolescent off p. 
“spring, as well as the right-axis deviation in another, 
probably represents a normal variant. However, the 


grouped data suggest that a subclinical effect of mater- 
nal SLE may be affecting the fetus and may contribute 
to a subtle delay in atrioventricular conduction in the 
fully developed infant or child. 

Mechanism of neonatal systemic lupus erythemato- 
sus: Neonatal SLE syndrome is mediated by the trans- 
placental passage (after the 12th to 16th week of gesta- 
tion) of maternal immunoglobulin G antibodies to the 
fetus of a woman with SLE, followed by an immunolog- 
ically-based inflammatory reaction (and/or deposition) of 
these antibodies with antigens of the fetal skin and heart, 
or both.??9?-1^ Anti-SSA/Ro and anti-SSB/La antibod- 
ies to soluble tissue ribonucleoprotein antigens found in 
the cytoplasm or nucleus of human cells, or both,'? have 
been proposed as the etiologic agents of congenital com- 
plete heart block.!! Demonstration of immunofluores- 
cence from antibody deposition in cardiac tissue pro- 
vides evidence that placentally transmitted immunoglob- 
ulin G antibodies may act directly on the heart, 
producing deposition at the atrioventricular node, central 
fibrous body and fibrous annulus.!>-! Furthermore, 
Alexander et al? have demonstrated an antibody (anti- 
SSA/Ro and anti-SSB/La)-mediated inhibition of neona- 
tal rabbit cardiac repolarization, indicating a direct effect 
on the electrophysiologic properties of developing 
excitable tissue. All these observations are compatible 
with a dose-response effect of maternal antibodies on 
immature atrioventricular conduction tissue. 

Risk to fetus: In a retrospective study of offspring 


of women with SLE, Ramsey-Goldman et al® described 


16 infants with congenital complete heart block in 96 
pregnancies of women who had anti-SSA/Ro antibody. 
In contrast, only 1 infant in 235 pregnancies of women 
with SLE but without anti-SSA/Ro antibody had neo- 
natal SLE. In that study, the overall risk of a woman 
with SLE having an infant with congenital complete 
heart block was estimated to be 1:60 (when corrected 
for referral bias), but the risk was considerably greater 
(1:20) if anti-SSA/Ro antibody was present. Buyon et 
aP! have described maternal antibodies from the moth- 
ers of neonatal SLE infants to specific peptides of the 
ribonuclear SSA/Ro complex, as well as to the SSB/La 
particle; both of these peptides are abundant in fetal car- 
diac tissues. The presence of antibodies to these specific 
peptides increases the risk ratio of a mother with SLE 
giving birth to an infant with neonatal lupus by a factor 
of 35. 

Clinical implications: The incidence, reduced mor- 
bidity and improved survival of women of childbearing 
age affected by SLE renders pregnancy in these cases 
an important clinical problem. This study was retro- 
spective. Thus, transient conduction disturbances in the 
neonatal period may have been overlooked. However, 
the study underscores the strong possibility of subclini- 
cal alterations in atrioventricular conduction in some fe- 
tuses exposed to a maternal SLE environment, and thus- 
supports à dose-response relation between atrioventricu- _ 
lar conduction in the fetus and infant and maternal SLE E 
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er, bec ause of bedycandia. noted m 
- the newb t inh. congenital high-grade or complete - 
oa heart block is usually recognized and confirmed by elec- 
2 -trocardiography.. ‘Thus, if the heart rate of a fetus or 
newborn whose mother has SLE is normal, neither early 
 Obstetric intervention nor routine postnatal electrocar- 








DRC diograms ai are necessary. 
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Effect of Exercise Training on Left Ventricular 
Performance in Older Women Free of 
Cardiopulmonary Disease 
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Endurance exercise training increases aerobic ex- 
 ercise capacity (maximal oxygen consumption 
rate [VO.max]) and attenuates the age-related 
decline in left ventricular (LV) function during 
exercise in older men. To determine wh | 

ilar adaptations occur in older women, 10 sub- 
jects (aged 63 + 4 years mean + SE) were stud- 
ied before and after 9 to 12 months of endur- 
‘ance. exercise training. They exercised 3.85 + 
0.06 days/week at 81 + 0.3% of maximal heart 
rate. Lv. function at rest and during supine exer- 
cise was assessed by radionuclide ventriculogra- 
phy. VOmax was increased by 21%. (from 1.40 + 
0.1 to 1.7 + 0.1 liter/min; p <0.001) in response 
to training. Maximal heart rate and systolic blood 
pressure during treadmill exercise were 
unchanged (161 + 5 beats/min before vs 164 + 
3 beats/min after; p = NS, and 208 + 7 mm Hg 
before vs 214 + 8 mm Hg after; p - NS, respec 
: tively) after training. LV ejection fraction at rest 
. (70.4 + 2% before vs 70 + 1% after) and during 
peak exercise (78.6 + 2% before vs 79.3 + 2% 
after) did not change in response to training. Fur- 
, the increases in ejection fraction from 
rest to exercise were similar before and after 
training (change: 8.8 + 1 vs 9.1 + 156). Stroke 
volume and cardiac output at peak exercise also 
did not change in response to training. Exercise 
training did not induce LV enlargement. as evt 
denced by absence of an increase in LV end-dia- 
stolic volume (rest: 117 + 6 vs 108 + 9 mi, 

-p= = NS; exercise 124 + 7 mi before vs 123 + 9 
“ml after; p = NS). End-systolic volume (rest: 33 +t 
| 2 mi before vs 33 + 2 mi after, p= NS; exercise: 
28 + 3 mi before vs 25 + 2 mi after, p = NS), 
and systolic blood pressure-end systolic volume 
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relation did not change. The results indicate that 
endurance exercise training improves VO;max in 
older women primarily by means of peripheral 
adaptations without inducing LV enlargement or 
enhancement of LV systolic function. 

(Am J Cardiol 1993;71:99-104) 


he age-related deterioration in cardiovascular 

function is attributed to structural and functional 

changes in heart and blood vessels leading to im- 
pairment of left ventricular (LV) diastolic function and 
filling, increased afterload and blunted inotropic and 
chronotropic responses to catecholamines.'© These 
changes contribute to the decline in aerobic exercise ca- 
pacity (maximal oxygen consumption [VOomax]) and 
impaired cardiac performance at maximal exercise often 
observed in the elderly.^!? Primary aging, decreased 
physical activity, increased adiposity and the presence of 
asymptomatic coronary disease have been implicated in 
the decrease in VO2max with advancing age. Data from 
previous studies suggest that VO2max declines progres- 
sively with age both in men and in women. E 
Endurance exercise training induces adaptations that run 


counter to the age-related decrease in VO» max.!3-5 In 


older men, the increase in VO2max in response to train- 
ing is in part mediated by development of physiologic 
LV hypertrophy and improvement in LV function. ^ 
Although endurance exercise training increases VO» max 
in older women,? no information is available regarding 
the effects of training on LV function. Therefore, the 
present study examines whether endurance exercise 
training enhances LV performance in older women. 


METHODS 

Subjects: Sixteen sedentary postmenopausal women 
who were not taking estrogen replacement and met the 
following criteria were selected from a total of 20 wom- 
en screened: (1) age 60 to 70 years; (2) absence of 
symptoms, history of cardiopulmonary disease, or major 
risk factors for coronary artery disease (3) normal car- 
diac examination and 12-lead electrocardiogram; and (4) 
absence of electrocardiographic changes typical of 
myocardial ischemia during exercise. Six subjects with- 
drew; 2 because for lack of motivation, 2 because of a 
change in residence, and 2 because of orthopedic prob- 
lems. The data on the remaining 10 women, aged 63 + 
4 years (mean + SE), who completed the study are re- 
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ported. All participants gave written informed consent 
and the study was approved by the Human Studies 
Committee of Washington University School of Medi- 
cine. 

Exercise testing and determination of maximal 
oxygen consumption rate: Each subject initially un- 
derwent a standard graded treadmill test as a screening 
procedure. A repeat treadmill test was performed for 
determination of VOsmax within 1 to 2 weeks as pre- 
viously described in detail.!> Briefly, during a 5-minute 
warm-up period, the subjects walked at 1.7 to 2.5 mph 
on the level to elicit a heart rate response equivalent to 
60 to 70% of maximal heart rate.! From this point on, 
the treadmill grade was increased by 2% every 2 min- 
utes until exhaustion. The subjects breathed through a 
Daniel's valve and the expired gases were measured 
continually with the use of a computerized system con- 
sisting of electronic oxygen (Applied Electrochemistry 
S3-A) and carbon dioxide (Beckman LB-2) analyz- 
ers, ^^ Inspired air volume was measured with a 
Parkinson-Cowan dry gas meter calibrated against a Tis- 
sot spirometer. VOomax was defined as the attainment 
of a plateau of oxygen uptake with increasing exercise 
intensities or a respiratory exchange ratio »1.10, or both. 
In addition, each subject underwent a steady-state (I5- 
minute) submaximal treadmill exercise test requiring 
approximately 70% of their initial VOomax to examine 
heart rate and blood pressure responses to training at a 
given absolute intensity. 

Left ventricular systolic function: LV function at 
rest and during supine exercise was assessed using stan- 
dard electrocardiographic-gated blood pool imaging as 
previously described.'^ Briefly, after modified in vivo la- 
beling of erythrocytes with stannous pyrophosphate and 
25 mCi of technetium-99m, images were obtained with 
the patients supine using a scintillation camera equipped 
with a low-energy, high-sensitivity, parallel-hole colli- 
mator. The scintillation camera was positioned in the 
orientation giving best separation, typically 35° to 45° 
left anterior oblique projection. Modest (15?) caudal 
angulation was used to give optimal separation of the 
left atrium and ventricle. Data were collected in frame 
mode (32 frames per cardiac cycle) in a 64 x 64 pixel 
matrix and processed off-line with a minicomputer 
(VAX 11/750). LV ejection fraction was calculated with 
the use of a count-based technique developed in our lab- 
oratory! that uses manually defined end-diastolic and 
end-systolic regions of interest: (ejection fraction. — 
EDC-ESC x 100/EDC), where EDC and ESC are end- 
diastolic and end-systolic counts, respectively, corrected 
for backround activity, LV end-diastolic volume was cal- 
culated with the use of the standard geometric area- 
length method of Sandler and Dodge!^: V — 8A2/3 7 
l where V is volume, A is the area, and 1 is the long 
axis of the LV image. Spatial calibration factors for the 
correction of digital images were obtained using the 
phantom technique.'* LV end-systolic volume and stroke 
volume were derived from LV fractional shortening and 
LV end-diastolic volume.!^ Cardiac output was calculat- 
ed as the product of stroke volume and heart rate. After 
images had been obtained at rest, each subject per- 
formed a graded supine exercise test using a cycle 
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ergometer (Engineering Dynamics Co ) witl 
tial work rate set at 25 to 50 W followed | Wo 
increments every 3 minutes. Images were obtained in the. 
last 2 minutes of each exercise stage in the left anterior — 
oblique projections. Heart rate and blood pressure were 
measured every minute concurrently with the second 
minute of data collection. Blood pressure was measured 
using a standard sphygmomanometer. Peak oxygen 
uptake was determined in 7 of the subjects during supine 
cycle ergometer exercise by collecting expired gases in 
meteorologic balloons which were analyzed by a mass 
spectrometer (Perkin-Elmer MA 1100) as previously de- 
scribed.'^ LV ejection fraction and end-diastolic volume 
were measured in a blinded fashion. The reproducibility 
of LV ejection fraction and LV end-diastolic volume has 
been reported previously.!^.!? 

Body composition: Percent body fat was calculated 
from body density measured by hydrodensitometry.?? 

Training program: The training program has been 
described in detail.'^!? Briefly, each subject completed a 
2- to 3-month program of flexibility and stretching exer- 
cises to detect and correct any musculoskeletal problem 
and to select the most suitable mode of training in 
order to prevent orthopedic problems during the train- 
ing program. All subjects were advised to avoid per- 
forming endurance exercise during this stage. This was 
verified by a repeat determination of VO»max upon 
completion of the flexibility program. Subjects then be- 
gan endurance exercises for 9 to 12 months that includ- 
ed walking, running, cycle ergometer and treadmill ex- 
o They were expected to exercise 5 days/week for 
| hour/session. The initial intensity of exercise was ad- 
justed to require 60 to 70% of the subject's VO max, 
which gradually increased to 70 to 80% of VOsmax. 
VOsmax was determined every 3 months to monitor the 
subjects training status and to maintain a constant train- 
ing oon relative to the VO.max as previously 
described. !4.!5 

Statistics: The differences between data obtained 
before and after training were evaluated with the use of 
pared Student's f test. Least-squares linear regression 
was used where appropriate. Data presented are mean + 
SE. Differences were considered significant at p «0.05. 





RESULTS 

Maximal oxygen consumption rate: There was a 
significant i increase in VOsmax in response to endurance 
exercise training. During the endurance training phase of 
the program, subjects exercised an average of 3.85 t 
0.06 days and averaged 1L5 + 0.32 miles of walk-jog 
or continuous jogging exercises per week. In addition, 
they exercised on a cycle ergometer for brief periods. 
The total caloric expenditure averaged 1,246 + 33 
Kcal/week aiu the last. ii weeks of ve be maining jn ro- 





creased by 21% (from 1.40 X: 0. 071 to Om 0. 07 liter/min; 
p «0.001) in response to endurance exercise training. 


























y exchange ! ratio was 124 + 0 05 =e 
0.03 after training (p = NS). Maximal heart 
ng treadmill exercise was 161 + 5 beats/min 
and 164 + 3 beats/min after training (p = NS). 
` Systolic blood pressure at maximal exercise did not 
-change in response to training (208 + 7 mm Hg before 
and 214 + 8 mm Hg after; p= NS). Peak supine cycle 
ergometer work rate during blood pool imaging was 89 
+ 3 W before and 104 + 3 W after training (p «0.001). 
Peak oxygen uptake during supine cycle ergometer exer- 
cise was increased by 18% (p «0.05) from 1.08 + 0.06 
liter/min (17.7 X 1.5 ml/kg/min) to 1.27 + 0. 06 liter/min 
(20.1 + 13 ml/kg/min) in response to training in the 7 
women in whom it could be measured. Heart rate at 
Long supine cycle ergometer exercise was. 137 +7 and 
-.143 + 6 beats/min, attaining 85 and 87% of maximal 
“heart rate before and after training, respectively. Heart 
-rate at rest was reduced in the trained state (67 + 3 vs 
62 + 3 beats/min; p «0.025). 
Adaptative responses during submaximal exer- 
_ cise: Exercise training resulted in a significant reduction 
in heart rate (14%) from 139 + 9 to 119 + 5 beats/min 
(p «0.005), and rate pressure product from 21 + 2 x 10° 
to 177 +2 x 10? (p «0.025) during a steady-state sub- 
i maximal exercise test at a constant exercise intensity. 
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80 
. FIGURE 1. Effect of training on left venr | 
_ tricular ejection fraction (LVEF) respons- g 
-es at rest, and during submaximal and na 75 
peak exercise. Left ventricular ejection ^" 
fraction peaked at submaximal exercise | 3. b s 
mee did not change at higher work rates P 


'e and after training, with no 





. FIGURE 2. Left ventricular ejection frac 
-tion (LVEF) responses to training. LVEF 
values are plotted as a function of mean 
-blood pressure (MBP) used as an esti- 
mate of 3 afterload. No differences in 


Body composition: There was a significant weight — 


loss from 66.5 + 3 to 63.3 + 2 kg (p «0.01) in response 
to training. Percent body fat was decreased by 8% from 
39 + 2 to 36 + 2% (p «0.01) after training. 

Effects of exercise training on cardiac perfor- 
mance: LV ejection fraction at rest was 70 + 2% before 
and 70 1% after training (p = NS). There were simi- 
lar increases in ejection fraction and mean blood pres- 
sure during exercise before and after training, with no 
differences in either ejection fraction or mean blood 
pressure at peak exercise between the untrained and 
trained states (ejection fraction: 79 + 2% before and 79 
+ 2% after [Figures | and 2]). LV exercise reserve, 


defined as ejection fraction change = exercise-rest, was 


8.8 + 1% before and 9 + 1% after completion of the 
training program (p = NS; Figure 3). Exercise training 
resulted in no significant changes in either LV end-dia- 
stolic volume or ‘end-systolic volume at rest or peak ex- 
ercise (Table I). In addition, systolic blood pressure-end 
systolic volume relation (Figure 4) was unaltered by 
training. Stroke volume and cardiac output in the entire 
group did not change either at rest or at peak exercise 
(Table I, Figure 5). There was a good correlation be- 
tween cardiac output and work rate both in the untrained 
and trained states; however, the slopes of the relations 
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FIGURE 3. Effect of exercise training on left ventricular (LV) 
exercise reserve, defined as the difference between LV 
ejection fraction at rest (EFrest) and ejection fraction during 

eak exercise (EFex), showing no significant training effect. 





ar before and after training (Figure 6). Peak 
liac output in the 7 subjects in whom oxy- 
yas measured simultaneously was 13.5 + 0.8 
efore and 14.5 + 1 liter/min after training 
: ). Calculated arteriovenous oxygen content dif- 
ference at peak supine exercise was increased by 1356, 
from 8 t 0.6 to 9 £ 0.8 mi/dl (p «0.05) in these 7 sub- 
jects in response to training. Total peripheral resistance 
decreased significantly during exercise both before (from 
1,549 + 18 to 761 + 114 dynes s em; p <0.01) and after 
(from 1,725 + 144 to 776 + 73 dynes s cm? training; 
p «0.01). However, training did not affect the decline in 
total peripheral resistance from rest to peak exercise 
(change from —696 + 109 before vs -947 + 136 dynes 
s cnr? after). LV ejection fraction, stroke volume and 
cardiac output during submaximal exercise at a given 
absolute work rate (67 4 W) did not change in re- 
sponse to training. 


DISCUSSION 

The results of this study indicate that endurance ex- 
ercise training can increase VOzmax i in older women to 
an extent similar to that seen in older men!*!5 without 
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TABLE i Selected à adaptiv Re ponses to Enduranc e E 
Traini ing in Older Women —~ 













| Before 


Training 

LV ejection fraction (95) 

Rest 70.4 x2 Ew 

Exercise 78.6 + 2 79.3 x2 
LV end-diastolic volume (ml) 

Rest 117 £6 108 € 9 

Exercise 124 x7 123 € 9 
LV end-systolic volume (ml) 

Rest 33 x2 33 x3 

Exercise 28 +3 25:22 
LV stroke volume (ml) 

Rest 84 46 76 € 6 

Exercise 96 + 6 98 +8 
Cardiac output (liters/min) 

Rest 5.8 x 0.5 4.6 X 0,3 

Exercise 12.8. 0.7 13.8 € 0.9 
Systolic blood pressure (mm Hg) 

Rest 137 +6 130 + 5 

Exercise 


197 + 8 


20029 


Values are mean + SE. 





& significant improvement in LV function or the train- 
ing-induced LV enlargement. Unlike the case with older 
men,'* the increase in VOsmax in older women in re- 
sponse to training appears to be mediated predominant- 
ly by peripheral adaptations as evidenced by widening 
cf arteriovenous oxygen content difference, lower sub- 
maximal heart rate and lack of significant increases in 
cardiac output at peak exercise. The small and insignifi- — 
cant increase in peak exercise cardiac output was entire- 
Iv due to an increase in heart rate because stroke vol- 
ume did not change after training. Absence of changes 
in LV end-diastolic volume, exercise reserve, ejection 
fraction, and systolic blood pressure-end systolic vol- 
ume relation in response to training provides further evi- 
dence that, in contrast to older men,!^ exercise training 
does not induce cardiac adaptations in older women. It 
appears that lack of central adaptations to training is lim- 
ited only to older women because younger women ex- 
hibit LV hypertrophy and enhanced maximal cardiac 

output in response to training”! Within this context, the — 
absence of central adaptations in older women may be, E 
in part, a consequence of estrogen deficiency. — 





FIGURE 4. Effect of exercise training on 
left ventricular contractile function. ae 
sessed with the systolic blood pressure 
tion. No changes in either systolic Mood 







or at peak exercise was detecte d 
response training. - 















Cardiac Output 


Watts 


- FIGURE 5. Cardiac output at rest, during submaximal exer- - 

"cise at an absolute work rato (67 + 4 W before vs 67 £ 4 W 

after), and peak exercise. Training did not. have an effect on 

cardiac. output at rest or during supine cycle orgon 
exercise. Open circles, before; filled circles, after. 

The reasons underlying the disparate adaptive re- 
sponses to exercise training between older women and 
men are not clear. A higher LV wall stress at peak exer- 
. cise, which may have prevented the increase in ejection 
fraction in the trained state,” is unlikely because of lack 

of increases in blood pressure and total peripheral re- 
sistance at peak exercise. Furthermore, similar blood 
pressure responses during peak exercise between older 
men'^ and women suggest that possible gender-related 
differences in afterload may not be large enough to ac- 
count for differences in adaptations between older men 
and women. The training intensity relative to VO2max 
and maximal heart rate was similar to that in our study 
-in older men.!^ In absolute terms, however, older men 
were exercising more intensely!^ than older women in 
` this study. Therefore, it may be that the training inten- 
sity in absolute terms may play a role in inducing cen- 
tral adaptations. Another explanation for the gender- 
related differences in adaptations to training is that, un- 
. like older men, ejection fraction response to exercise in 
- older women can be considered normal because LV ex- 
 ercise reserve averaged 9% before the start of training, 
- which is higher than the values we observed for older 
men'!^ and those reported by others for an elderly popu- 
lation comprising mostly men.*?4 Therefore, it appears 
likely that the age-associated deterioration in cardiac 
performance in women, at least in terms of ejection frac- 
-tion responses, is modest and much less striking than 
` that observed in men and, as a consequence, the central 
adaptations to training may also be less conspicuous. 
The absence of the training-induced LV enlargement, 
which may be responsible for the lack of central adap- 
tations in older women reflects gender differences or an 
inadequate training stimulus in absolute terms, or both. 

We have recently reported the high reproducibility of 
ejection fraction and end-diastolic volume at rest and 
exercise. ^? Because radionuclide studies were per- 
formed during supine exercise, it is difficult to assess the 
relative contribution of central and peripheral adapta- 
tions to the increase in VOomax. Although the number 
of subjects in our study was small, the lack 
~ adaptations in this study is not likely to be 
-~ quence of an inadequate aes size, because we have 
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FIGURE 6. The correlation between cardiac output and work 
rate. The slope of the lines between cardiac output and 
work rate for the untrained and trakied states are similar. 
Open circles, before; closed circles, after. 






shown central adaptations to training in a cc 
number of older men and young women," 
of a control group would have been useful. 
is known that VO2max does not improve spo 
ly in healthy subjects.!° In addition, we hav 
reported the adaptative increase in maximal cardiac. out- 
put in young women in response to endurance exercise 
training?! 

The findings of the present study suggest that endur- 
ance exercise training enhances VO max to the same rel- 
ative magnitude in older women and older men. How- 
ever, the improvement in VO2max in older women is 
achieved by a different mechanism than that observed in 
older men.'^ The women did not exhibit LV enlargement 
or improvement in LV systolic performance to account 
for the increase in VO2max in response to endurance 
exercise training. 
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Me »asurement of Cardiac Output by Automated 
. Single-Breath Technique, and Comparison with 
Thermodilution and Fick Methods in 
Patients with Cardiac Disease 


Mark R. Zenger, MD, Matthew Brenner, MD, Malcolm Haruno, MD, 
Donald Mahon, MD, and Archie F. Wilson, MD, PhD 





Accurate noninvasive methods are needed. 
s | n of cardiac output. Current metho 

are generalh complex or may be unreliable. A 

| previously described method, based on abso 

tion of acetylene gas during a constant exhala- 
tion that enables calculation of cardiac output by 
necesito pulmonary capillary circulation, is 
incorporated in a new, automated commercial 
product (SensorMedics 2200). In this study, 


















measured with this device was compared w 
the st andard thermodilution and direct Fick meth- 
-ods in 20 patients undergoing. cardiac or pul- 
-monary artery catheterization. P: pon 5 inhaled 
test gas mixture to total lung capacity anc 
exhaled at a constant rate through an adjustabl 
resistor. Lung volumes and noninvasive acety 
smoot flow value were calculated : - omaticaily 
dien utut determinations was very high (come: 
- lation coefficients were 0.90 and 0.92, respec- 
_ tively), regression slopes were close to identity 
(0.98 and 0.90), and bias (-0.39 and -0.79 
 liter/min) and precision (0.94 and 1.02) were 
‘good; when shunt correction was ; pplied, bias 
was reduced to 0.06 and 0.35 liter/min, re- 
spectively. Rapid, accurate, noninvasive measure- 
| ment of cardiac output was easily obtained using 
the automated device. This technique may have a 
.wide applicability for noninvasive evaluation of 
: stiente w with cardiac disease and for monitoring 
(Am J Cardiol 1993;71:105-109) 
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"W imple, accurate, noninvasive methods for measur- 

& ing cardiac output are needed. Currently available 
methods for noninvasive estimation of cardiac out- 
put are frequently inconvenient, complex or unreliable. 
Acetylene gas uptake from alveoli is proportional to pul- 
monary capillary blood flow and has been extensively 
demonstrated to accurately estimate cardiac output non- 
invasively in patients with preserved pulmonary func- 
tion.'-? In this study, we present noninvasive, cardiac 
output data obtained using a new, automated device that 
is simple, rapid, and convenient. This approach is based 
on measurement of acetylene blood flow during | slow, 
constant exhalation using a previously described, clini- 
cally validated, mathematical model. Measurements are 
obtained using a mobile, integrated system. We com- 
pared automated, single-breath, noninvasive, acetylene 
blood flow measurements with pulmonary artery catheter 
thermodilution cardiac outputs and standard direct Fick 
measurements. 


METHODS 


Patients: We studied 20 patients (mean age 43 
years, range 17 to 75), 15 undergoing elective cardiac 
catheterization and 5 who had indwelling pulmonary ar- 
tery catheters for monitoring. The investigative protocol 
was approved by the local institutional review board, 
and signed informed consent was obtained from all pa- 
tients. Ten patients had valvular heart disease, 3 had 
coronary artery disease, 3 had cardiomyopathy (2 isch- 
emic and | idiopathic), 3 had undergone heart trans- 
plantation and 1 had experienced blunt trauma. 

Acetylene uptake cardiac output measurement 
theory: The rate of alveolar absorption of gas that is 
soluble in tissue and blood (such as acetylene) is 
proportional to pulmonary capillary blood flow during a 
single-breath, constant exhalation maneuver.^? A stan- 
dard factor (height 3.5 g/cm) is applied to account for 
tissue effect.’ 

Mathematically, the relation between gas absorption 
and pun capillary blood flow is expressed as fol- 
lows*: 


In (FA/FA.) Ve 60*1,000 


dc = in (V4 + e V)/(Va, tV] a ^ 760 


where F = fraction of gas; V = volume of gas; V = flow 


rate; «= bunsen coefficient for solubility of acetylene in 


tissue (t) or blood (b); A = alveolar; A, = at full inspi- 
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* ration; TF spiratory TOM J = inspiratory; E = expir- 
atory; and DS = dead space. 

During constant flow exhalation, alveolar (as reflect- 
ed by expired) concentrations of acetylene and carbon 
monoxide decrease exponentially (Figure 1A). The test 
gas mixture comprises 0.3% methane, 0.3% acetylene, 
0.396 carbon monoxide, 21% oxygen, and balance nitro- 
gen. 

Automated single-breath device: The SensorMedics 
2200 (Yorba Linda, California) is a pulmonary function 
test cart that integrates pneumatic, electronic, computer 
and analyzer components of a pulmonary function test 
system into a portable unit. The device configuration 
used in this study includes a mass flow sensor (accuracy 
+ 3%; 0.1 liter/s) that measures inspiratory and expira- 
tory flows directly, a breath-by-breath nitrogen analyzer 
(accuracy + 2%, resolution 0.1% and range 0 to 95% 
nitrogen), and a rapid-response, multigas, nondispersive, 
infrared analyzer (accuracy + 0.006%, resolution 
0.0005% and range 0.00 to 0.33%) measuring carbon 
monoxide, methane and acetylene. 

gie-breath procedure: Patients were connected 
to the mouthpiece of the SensorMedics 2200 machine. 
A nose clip was used. Patients inhaled to total lung 
capacity. This was followed by breath-holding of 
approximately 2 seconds to enable acetylene tissue 
absorption and gas distribution equilibration. Patients 
then passively exhaled most of the vital capacity at a 
constant flow rate of 200 to 500 ml/s (facilitated by posi- 
tioning an adjustable resistor at the expiratory port). 

Two or more trials of automated acetylene blood 
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ee ele tee ce eee 


TIME (S) 


of si 


flow measurement were performed minutes. apam to i 
ensure residual acetylene washout f 


rom blood and tis- - 
sues. Acetylene blood flow was measured within 15 to - 
20 minutes of the Fick and thermodilution cardiac out- . 
put determinations. | | 

Acetylene blood flow: Acetylene blood flow was - 
determined using Equation 1 by obtaining the slope of - 
in (Fa/Fao) vs In[(V4 + o4 VAV Ao + tY] in the linear | 
region of the constant exhalation phase between dead 
space washout and closing volume (Figure 1, A and B). 
Marks delineating the linear phase were positioned auto- 
matically at 20 and 80% of exhaled vital capacity. Manu- . 
al marker adjustments were made to linear portions of the 
exhalation curves by 2 independent observers unaware of _ 
the Fick and thermodilution blood flow measurements. | 

Thermodilution cardiac output: All patients had 
pulmonary artery catheters in place. Thermodilution cardi- 
ac output measurement was determined using standard tech- 
niques on a Marquette Cardiac Output computer. Three to- 
3 trials were performed, requiring a variability of «2096, - 
and averaged. Thermodilution cardiac output measurements 
were obtained within 15 minutes of acetylene blood flow - 
determinations. | 

Fick cardiac output: Cardiac output was also calcu- 
lated by the standard Fick equation: 


VO, 
(ArtO,Sat-VenO,Sat)(Hgb)(13.9) 


where VO»; -— oxygen consumption; ArtO5Sat = arterial oxy- 
gen saturation; VenO2Sat = venous oxygen saturation; and 
Hgb = hemoglobin. Bü 


Cardiac output = 


In Fy Fao 





In [VAN Ao]* 


“where Va is corrected for 
tissue absorption of acetylene 


eae single-breath constant exhalation maneuver gas concentration and volume-time - 
| curves used fo determination of pulmonary capilary Bod fo, Time in seconds is displayed on abscissa. Methane (CH4) 
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| ed for tissue volume as In [(V, + c«V)/(Vao + a4¥,)]) used in calculating | 
oe | measurement segment are positioned in linear portion of curve. Again, carbon monoxide curve is dis- 
PES . played for calculation of diffusing capacity, but is not used in pulmonary capillary blood flow determination with this — 





device. 
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Oxygen consumption v was duka from analyses of 
-exhaled gases. All patients breathed room air. All expired 
gases were obtained for a measured period of time (3 to 
8 minutes were needed to fill the bag) in a 60 liter, non- 
| diffusing bag (#6030, Cal Med, Brea, California). Expired 
gas was analyzed on a Perkin-Elmer 1100 mass spec- 
 trometer (Norwalk, Connecticut). Inspired oxygen values 
were determined by analysis of room air. The mass spec- 
trometer was calibrated daily before each trial. The vol- 
ume of exhaled gas was measured on a Tissot Spirome- 
ter. All samples were corrected for temperature and 
humidity. Mixed venous oxygen saturation samples were 
obtained from the pulmonary artery catheter distal port. 
Arterial oxygen saturation was determined by aortic blood 
-sampling in patients undergoing cardiac catheterization or 
_ by peripheral arterial blood gas in those with an indwelling 
"pulmonary artery catheter. Oxygen saturations were deter- 
mined on either a Coming model 178 (Medfield, Mas- 


sachusetts) blood gas machine or an Oxicom 2000 (Waters | 


“Inst. Inc.). Hemoglobin was obtained from the Coming 
model 2500 co-oximeter or from concurrent rua 
. complete blood count analysis. 
_ Shunt functions were determined using the Fick car- 
-diac output, arterial and mixed venous oxygen contents 
< with standard formulas*: Qs/Qt = (CiO; — CaO2)/(CiO2 — 
: C-O5y | where Qs/Qt= shunt fraction; CiO, = ‘ideal 
inspired oxygen content; CaO, = arterial oxygen content; 
and C-VO» = venous oxygen content. 

Statistics: Linear regression was. analyzed TA the 
least-squares method (Systat, Inc., Evanston, illinois): Bias 


Faun 2. Relation between pulmo- 
DR os detenised by thanacdiaa: 
-tion and Fick methods in 20 patients. 














and precision were determined from the à mean i and: stane .— 
dard deviation of the difference between the methods © 


using standard analytical methods.?-'? 


RESULTS | 
Cardiac output values: Mean acetylene blood flow was 
4.77 + 2.18 liters/min. Mean cardiac outputs for Fick and. . 
thermodilution were 5.59 + 2.13 and 5.16 + 2.01 liters/min, 
respectively. When acetylene blood flow was corrected for 


shunt, average cardiac output was 5. 50 + 2.34 liters/min. 


> blood flow and thermodilution cardiac 
tion: The relation between acetylene 
blood flow and thermodilution: cardiac output is shown in 
Figure 2A: Slope of regression line was 0.98, correlation 
0.9, bias -0.39 liter/min and precision (0.938. liter/min. 
When acetylene blood flow was corrected for shunt, slope 
of best fit line was 1.05, correlation 0.9, bias 0.347 
liter/min and precision. 1.015 liter/min (Figure 2B). 
ylen blood flow and Fick cardiac output 
: When acetylene blood flow was compared 
wiih Fick cardiac output, slope of regression line was 0.90, 












correlation coefficient 0.92, bias -0.793 liter/min and pre- 
cision. 0.904 liter/min (Figure 2C). For shunt-corrected 


acetylene blood flow, correlation coefficient was 0.91, 
slope 0.97, bias -0.056 liter/min and precision 0.953 
liter/min (Figure 2D). 2 

dilution and Fick. cardiac output correla 





tion: ` When Fick and thermodilution cardiac outputs were 
compared, similar results were obtained; slope of regres- 
sion line was 0.99, with an r value of 0.98 (Figure 3). 
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no blood flow: Mean coeffi- 





e cient of. variat on between the 2 observers for each acet- 


 ylene blood flow trial was 6.43%; mean coefficient of 
variation between acetylene blood flow trials was 13%. 


DISCUSSION 

There are several methods for clinical measurement of 
| cardiac output. The dye dilution, thermodilution and Fick 
methods require intravenous lines with attendant compli- 
cations, Repeat measurements, particularly over extended 


F periods of time, are limited with these invasive methods. 
— Several noninvasive techniques have been developed for 


X estimating cardiac output. Doppler echocardiographic deter- 
mination of cardiac output has been evaluated in numer- 
ous studies.’ Some problems found with cardiac output 
measurements. by Doppler echocardiography include left 
ventricular asymmetry, inadequate ultrasound windows 


< . and operator variability. In approximately 10 to 20% of 


patients, Doppler echocardiography cannot be performed. 4.5 
Radionuclide scanning requires injection of radiolabeled 
albumin, expensive scintillation monitors and computer 
equipment. Repeat measurements of cardiac output are 
impractical and prohibitively expensive with radionuclide 
scanning.'© Impedance cardiography has shown consider- 
able variability in assessing cardiac output.) 

Numerous studies validating acetylene gas uptake have 
been published, some using rebreathing techniques. Stud- 
ies of normal subjects show good correlation with cardiac 
output? Rebreathing methods require patients to per- 
form rapid, deep breathing maneuvers. Theoretical and 
technical problems including changes in alveolar volume 
and cardiac output during rebreathing maneuvers occur 
with this method, and can produce errors in the measure- 
ment of cardiac output. These difficulties have led to the 
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ney: demit Elkayam et ae. comp: med the single- — 
breath, acetylene technique with thermodilution in 20. car - 
diac patients and found good correlation? Ramage et al^ 
compared the single-breath, acetylene technique with car- - 
diac output estimated by radionuclide scanning and found " 
close correlation. 

This study determined cardiac output using an auto- 
mated SensorMedics 2200 pulmonary function machine. - 
This portable device has rapid infrared sensors for track- ` 
ing acetylene and carbon monoxide uptake and inert gas 
concentration, in addition to volume analysis and standard 
pulmonary function testing. Correlation of the acetylene 
blood flow technique with the thermodilution and Fick - 
cardiac output methods was high; correlation coefficients — 
were 20.9. Bias and precision were also closely correlat- - 
ed. Correlation of the Fick and thermodilution. methods . 
with acetylene blood flow was as strong as that between - 
thermodilution and Fick itself in this study. Accuracy of 
the acetylene blood flow technique with the mobile Sen- 
sorMedics 2200 cart was also similar to, that of prior stud- 
ies estimating cardiac output using the mass spectrometer 
fer measurement of single-breath, acetylene gas absorption 
blood flow.4!8 

The acetylene method slightly underestimates cardiac - 
output compared with the Fick or thermodilution methods d 
in normal subjects. This is because the acetylene blood . 
flow method reflects pulmonary capillary blood flow We 
dees not measure blood flow shunted by physiologic, 






FIGURE 3. Correlation between cardiac 
output by thermodilution and direct 
Fick methods. 
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} ‘pulmonary shunts, When physiologic shunt 
as applied to evaluate this effect, all 3 meth- 
ed milar cardiac bod ane bias was EUER 














be expected. In es cases, conning re acetylene blood 
-flow technique with methods for determination of cardiac 

output not affected by shunting may be helpful in more 
accurately assessing shunt fractions and evaluating patients 
with complex shunts. 

Whereas the accuracy of acetylene blood flow meth- 
ods is well-established in patients with preserved lung 
. function,'> it is not known in those with obstructive lung 
< disease, but may be inaccurate due to ventilation-perfusion 
d inhomogeneity. One study suggests that the acetylene 
~ blood flow technique may be inaccurate in patients with 
- an FEV,/FVC «6096,? although Pierce et al!? found a good 
- correlation when they evaluated 8 patients with ob-struc- 
tive lung disease. 

The accuracy of some maneuvers was limited by the 
ability of patients to passively exhale at a constant flow 
rate. This potential problem may be overcome by the 
e placement of a variable resistor designed to cause exha- 
-.lation that lasts from 4 to 8 seconds. However, Valsalva 
: maneuvers and increased intrathoracic pressures during 
exhalation should be avoided because of effects on cardiac 
- output and gas concentration measurements. Another poten- 
tial problem found with this device is the inability to mea- 
sure residual acetylene concentrations in the lungs before 
performing maneuvers to verify adequate acetylene wash- 
out from the preceding maneuver. 

_ This study confirms the accuracy. of an automated, car- 
lic. output measurement method based. on well-es- 
. tablished principles of acetylene absorption by pulmonary 
blood flow in patients undergoing cardiac. catheterization 
compared with those of the thermodilution and Fick meth- 
_ods. Incorporation of this method in an automated device 
chas made the technique rapid and easy to perform. In the 
future, this technology should enable repeated, noninva- 





sive, clinical measurements of cardiac output with atten- 
dant clinical and research applications in patients with 
normal and near normal lung function. 
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Speculations about development of tolerance to 
the inotropic effect of digitalis have been engen- 
dered since studies in various in vitro systems 
and tissues not representative of the heart have 
shown e hie. teres of sodium potassium adeno- 
| sphatase (Na,K-ATPase) when exposed 
to digitalis. Mareovor the digitalis receptor (i.e., 
Na,K- ATPase) concentration in the normal, vital 
human left vertricle has not been previously 
determined. On this basis, digitalis receptor con- 
centration was quantified in the left ventricle of 
explanted hearts from subjects without heart dis- 
ease and from patients with end-stage heart fail- 
ure who had received digitalis therapy. This was 
performed using vanadate-facilitated *H-ouabain 
binding to intact tissue samples giving values of 
728 + 58 (n = 5) and 467 + 55 pmol/g wet 
weight (n = 6) (mean + SEM) (p «0.005), respec- 
tively. However, some of the digitalis receptors 
may have retained digoxin before *H-ouabain 
binding and thus may have escaped detection. To 
eliminate this effect of retained digoxin, samples 
were exposed to prolonged washing in buffer 
containing excess digoxin antibody, a method 
recently shown to clear digoxin from receptors 
and allow subsequent complete digitalis receptor 
quantification by ?H-ouabain binding. After wash- 
ing in digoxin specific antibody, specific digitalis 
receptor concentration was 760 + 58 pmol/g 
(n = 5) and 614 + 47 pmol/g (n = 6) wet weight 
in samples of the normal and failing hearts, 
respectively (p «0.08). Thus, digitalization was 
associated with occupancy of digitalis receptors 
in the failing human heart of 24% (p «0.02). After 
washing with antibody, the digitalis receptor con- 
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centration tended to be lower (19%) in the failing 
than in the normal hearts. Thus, there was no 
evidence for development of adaptation to digi- 
talization due to up-regulation of the digitalis 
receptor concentration when comparing the fait- 
ing and healthy human heart. 

(Am J Cardiol 1992;70:110-114) 





phosphatase (Na,K-ATPase) is generally accept- 
ed to be the receptor for digitalis and mediator of 
its inotropic action." It is unknown whether in patients 


T he myocardial sodium potassium adenosine tri- 


with heart failure treated with digoxin the abundance of 


the digitalis receptor in the left ventricle is up-regulat- 
ed, leading to tolerance to the inotropic effect of the 
drug. The digitalis receptor concentration can be deter- 
mined with high accuracy and precision in intact human 
myocardial samples using vanadate-facilitated °H- 
ouabain binding. Measurements have hitherto been car- 
ried out on myocardial tissue obtained postmortem,?? or 
on endomyocardial biopsies obtained during cardiac 
catheterization.^^ One problem with studies of ?H- 
ouabain binding to myocardial tissue from patients who 
have had digitalis therapy has been that some of the 
receptors were occupied by digoxin before *H-ouabain 


binding.45 However, prolonged washing of samples in - 
buffer containing excess digoxin antibody fragments has 


recently been found to reduce prior specific digoxin 
binding in the human left ventricle by approximately 

5%, and subsequently allows complete quantification of 
di; gitalis receptors by vanadate-facilitated *H-ouabain 
binding. With this approach accurate studies of digital- 
is receptor concentration in myocardium from digitalized 
patients have become possible. 

Previous studies on the development of tolerance to 
digitalis in various in vitro systems and tissues not repre- 
sentative of the heart have shown upregulation of Na, 
K-ATPase when exposed to digitalis^-'? and studies on 
humans have been inconclusive.!©!? Against this back- 
ground, the first aim of the present study was to deter- 
mine the digitalis receptor concentration in normal hu- 
man myocardium without confounding effects of post- 
mortem degradation of receptors. This was done by 
measuring digitalis receptor concentration in explanted 
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human hearts from subjects without heart disease. Sec- 
ond, our aim was to solve the persisting question of 
whether digitalis treatment induces up-regulation of 
Na,K-ATPase concentration in the human heart with 
end-stage heart failure. This was feasible by comparing 
?H-ouabain binding to intact samples of human myo- 
cardium from subjects without heart disease with that 
from patients given digoxin with end-stage heart failure 
after prolonged washing of samples in buffer with di- 
goxin antibody. 


METHODS 

Materials: Myocardial tissue was obtained from 11 
adults entering the transplantation program as organ 
donors or heart recipients at Brigham and Women's 
4 Hospital, Boston, Massachusetts. The study was con- 
ducted in accordance with a protocol approved by the 
Committee for the Protection of Human Subjects at 
Brigham and Women's Hospital in accordance with the 
Helsinki Declaration IL. Five subjects (4 men and 1 
women, aged 21 to 34 years [mean 28]) were organ 
donors due to brain death, and 6 male subjects (aged 32 
to 50 years [mean 45]) were heart recipients because of 
end-stage heart failure. Information was obtained from 
the medical records about (1) severity of heart failure 
according to the New York Heart Association classifi- 
cation, (2) ejection fraction determined by ventriculog- 
raphy, (3) digoxin treatment (daily dosage, duration of 
treatment, serum digoxin level), and (4) serum potassi- 
um. Specimens of the left ventricle were obtained from 
all subjects. Hearts from brain dead subjects were har- 
vested 1 to 10 days (mean 2) after institution of life sup- 
port. The only cardioactive drug administered during this 
period was dopamine. None of these patients had 
received digoxin. Immediately after kidney harvest, the 
hearts were removed, the coronary arteries were ex- 
amined for atheroma, and samples of the free wall of 
the left ventricular myocardium were emerged in liquid 
nitrogen within 5 minutes after heart explantation and 
stored at -70°C. The hearts from the patients with end- 
stage heart failure were obtained during heart transplan- 
tation. In all cases the etiology of heart failure was 
ischemic heart disease. All the heart recipients were 
receiving therapy for angina pectoris and heart failure 
including digoxin treatment. Serum digoxin was mea- 
sured by radioimmunoassay as previously described in 
detail.? Within 5 minutes after explantation, specimens 
of the left ventricular free wall, sampled from areas 
without macroscopic fibrosis, were submerged in liquid 
nitrogen and stored at —70?C. 

3H-ouabain binding: All procedures were performed 
using a freshly made vanadate buffer containing 10 
mmol/liter of tris(hydroxymethyl)aminomethane (TRIS) 
chloride, 250 mmol/liter of sucrose, 3 mmol/liter of 
magnesium sulfate and 1 mmol/liter of vanadate. The 
pH was adjusted to 7.3 with TRIS chloride. 

Clearance of digoxin from its specific receptor was 
performed by washing samples in buffer containing ex- 
cess specific digoxin Fab as previously described in de- 
tail.? In brief, 5 to 6 samples in the wet weight range of 
4 to 8 mg were cut from the original specimens and 
placed in 12 ml buffer containing specific digoxin Fab 





at a concentration of 5 X 107 mol/liter at 30°C for 16 
hours. This has been found to reduce prior digoxin bind- 
ing in the human left ventricle by about 95% and to 
allow subsequent vanadate-facilitated complete quanti- 
fication of ?H-ouabain binding sites. 

The digitalis receptors were quantified using standard 
*H-ouabain binding as previously described in detail.? In 
brief, samples were prewashed for 20 minutes (2 times 
10 minutes) at 0°C in buffer to thaw and preincubate 
with vanadate and also to reduce extracellular specific 
digoxin Fab in experiments performed after washing of 
samples in digoxin antibody. To determine total uptake 
and retention of *H-ouabain, incubations took place in 
buffer containing 3H-ouabain (2.1 uCi/ml) and ouabain 
added to a final concentration of 1 X 10-9 mol/liter for 
2 hours (2 times 1 hour) at 37°C. After incubations a 
washout at 0°C in unlabeled buffer for 2 hours (4 times 
30 minutes) was performed to reduce the amount of ?H- 
ouabain in the extracellular space, thereby enhancing the 
precision of the method. Nonspecific uptake and reten- 
tion of ?H-ouabain was determined by incubating sam- 
ples at similar conditions except in a surplus of unla- 
beled ouabain (ie., at a ?H- ouabain (2.1 pCi/ml) and 
ouabain concentration of 1 X 10° mol/liter). After 
washout samples were blotted, weighed and soaked 
overnight in vials containing 0.5 ml of 5% w/v 
trichloroacetic acid. Thereafter, 2.5 ml scintillation mix- 
ture (Opti-fluor®) was added, and the ?H- activity in 
samples and incubation medium assayed by liquid scin- 
tillation counting. On the basis of sample wet weight, 
the ?H-activity in the incubation medium and the ?H- 
activity retained in the samples, the ?H-activity taken up 
was calculated and expressed as the relative uptake (1.e., 
?H-activity taken up per gram wet weight of tissue rel- 
ative to the ?H-activity in 1 ml incubation medium and 
given as a decimal fraction). To determine the specific 
uptake and retention of ?H-ouabain, the value obtained 
for nonspecific uptake and retention was subtracted from 
the total uptake and retention. The concentration of ?H- 
activity in the samples was then expressed in pmol/g wel 
weight by multiplying the relative uptake of 3H-activity 
with the concentration of ouabain in the incubation 
medium. 

Chemicals and isotopes: All chemicals were of 
analytic grade. Specific digoxin antibody (ovine), Digi- 
bind®, was from the Wellcome Foundation Ltd. (Kent, 
United Kingdom), ouabain from Sigma (St. Louis, Mis- 
souri), vanadate from Merck (Darmstad, Germany), 3H- 
ouabain (22.1 Ci/mmol) from Amersham International 
(Buckinghamshire, United Kingdom), and Opti-fluor® 
from Packard Instruments (Downers Grove, Illinois). 
The purity of the ?H-ouabain was checked by the Na,K- 
ATPase extraction method as the percentage of ?H-activ- 
ity that could bind to purified Na,K-ATPase.?! 

Statistics: Results are given as mean + SEM, with 
the number of observations in parentheses. Statistical 
significance of differences was ascertained by using 
Student's 2-tailed 7 test for paired observations within 
the groups of organ donors and patients with end-stage 
heart failure, and by using Student's 2-tailed z test 
for unpaired observations between the 2 groups, respec- 
tively. 
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Not Treated 
with Digoxin 






Treated 
with Digoxin 









No. of subjects 









Men:women 

Mean age (year) 45 x5 28 x2 

Duration of digoxir 22 months (3 weeks— v 
treatment 5 years) 

Serum potassium 4.2 x01 4.3201 
(mmol/liter) 

NYHA HHY — 

Ejection fraction (95 20 (11-29) >55 

Cardiologie diagnosis Coronary artery disease Normal 









Cause of death a Brain death 





Values are. mean X £ SEM with ranges in parentheses. 
NYHA = New York Heart Association. 






















The minimal sample size was calculated: A total of 
10 subjects were necessary to show a statistically signifi- 
cant difference of 2190 pmol/g wet weight between the 
2 groups, accepting a type 1 error of 5% and a type 2 
error of 20% with SD measurements of 110 pmol/g wét 
weight. 





. RESULTS | 

^... The clinical details of the enrolled subjects are given 
in Table I. Patients with end-stage heart failure had been 
treated with digoxin ranging from 3 weeks to 5!^ years 
. (mean 22 months) before heart transplantation. In the 
— group with heart failure, serum digoxin concentration 
was within the therapeutic range (0.9 to 1.8 ng/ml) in all 
cases. All subjects had serum potassium levels within 
the normal range (3.5 to 5.0 mmol/liter). New York 
Heart Association class was III to IV among the digox- 
in-treated subjects. Ejection fraction was between 11 and 
29% (mean 20). 
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Standard *H-ouabain binding measurements of left 
ventricular samples from digoxin-treated patients with 
heart failure was 467 + 55 (n = 6), and from those with- 
cut heart disease unexposed to digoxin, it was 728 + 58 
(025) pmol/g wet weight (Figure 1). There was no 
variation in nonspecific ^H-ouabain binding between 
groups or as a result of procedures (p 20.10). Thus, °H- 
cuabain binding was 36% lower in those who received 
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versus those who did not receive digitalis (p «0.005). 

After prolonged washing in digoxin antibody, ?H-oua- 
bain binding measurements were 614 + 47 (n= 6) and 
760 + 58 pmol/g wet weight (n = 5), respectively (p 
«0.08) (Figure 1). Thus, ?H-ouabain binding was now 
only 19% lower in samples from those who received 
versus those who did not receive digitalis therapy. 

Figure 2 gives the individual values for ?H-ouabain 
binding after washing previously bound digoxin off the 
cardiac glycoside receptors in left ventricular samples 
from the digoxin-treated group (Figure 2, panel A), and 
exposing samples from the untreated group to the same 
procedure (Figure 2 2, panel B). All patients with heart 

failure had an increase in ?H-ouabain binding after clear- 
- ance of previously bound digoxin. The increase in °H- 
< ouabain binding was more pronounced in all but 1 of 
the patients with heart failure than in samples from sub- 
» jects without heart disease. None of the values obtained 
jn the patients with heart failure after clearance of pre- 
viously bound digoxin reached the mean level for ?H- 
ouabain binding in samples from the control group 
exposed to the same procedure. 

Because patients with heart failure had received di- 
goxin for periods varying from 3 weeks to 5'4 years, it 
. was of interest to evaluate whether duration of treatment 

might influence the digitalis receptor concentration. 
Thus, ?H-ouabain binding site concentration determined 
after clearance of receptors for previously bound digox- 
in was compared with duration of digoxin treatment. 
This gave no evidence of a relation between duration of 
treatment and concentration of receptots. 

Within the group of subjects exposed to digoxin 
there was an increase of 3196 (p «0.02) in left ventricu- 
lar ?H-ouabain binding after clearing receptors of previ- 
ously bound digoxin. The mean occupancy of receptors 
with digoxin as a result of digoxin treatment was 24% 
(p «0.05). 

Since the occupancy of receptors with digoxin var- 
ied between 5 and 39% among subjects, it was also of 
interest to evaluate whether occupancy of receptors with 
digoxin might influence the digitalis receptor concentra- 
tion. Thus, *H-ouabain binding after clearance of recep- 
tors for previously bound digoxin was compared with 
occupancy of receptors. This gave no evidence of a rela- 
tion between occupancy of receptors by digoxin and 
concentration of receptors. 

Within the group of patients unexposed to digoxin, 
there was a small but significant increase in mean left 
ventricular ^H-ouabain binding after washing of samples 
in specific digoxin Fab fragments (496, p «0.05) (Fig- 
ures | and 2, panel B). 


DISCUSSION 

The present study for the first time quantifies the total 
number of Na,K pumps in normal, vital, human left ven- 
tricular myocardium (728 + 58 pmol/g wet weight [n = 5]. 
This value may be compared with previous reports from 
our group of a ?H-ouabain binding site concentration of 
413 + 26 (n = 5) observed in the human left ventricle 
. obtained 6 hours after death from parents with no 
known heart disease, and of 559 + 62 pmol/g wet 
. weight (n = 5) in left ventricular endomyocardial biopsy 





specimens taken during cardiac catheterization from 
patients with suspected idiopathic dilated cardiomyopa- 
thy but with normal left ventricular function as deter- 
mined by ventriculography.^ Thus, evaluation of the 
concentration of Na,K pumps in normal, vital left ven- 
tricular myocardium gave 1.8- and 1.3-fold higher val- 
ues than in necropsy samples and endomyocardial biop- 
sy samples, respectively. The lower values in tissue 
obtained at necropsy may be due to postmortem degra- 
dation,?^ and in these samples as well as in endo- 
myocardial biopsy samples, the Na,K-pump concentra- 
tion may have been reduced because of undiagnosed 
heart disease.*^ 

Compared with normal subjects no evidence for up- 
regulation of myocardial digitalis receptor concentration 
during digitalization was found in the present study. Fur- 
thermore, there was no correlation between Na,K-pump 
concentration and duration of digitalization or with occu- 
pancy of receptors by digoxin. The present observation 
is in agreement with a previous study on human myocar- 
dial tissue obtained at necropsy from patients who have 
received digitalis therapy? On the other hand, the pre- 
sent study is at variance with studies of cultured 
cells,"-!? peripheral blood cells!*!9 and guinea pig 
myocardium,!^!^ all of which showed up-regulation of 
Na,K-ATPase as a result of digitalis exposure. However, 
both cultured cells and peripheral blood cells have pre- 
viously been shown to have a regulation of Na,K- 
ATPase different from muscle tissue. Furthermore, 
studies!^? on guinea pig myocardium were performed 
using measurements of Na,K-ATPase activity in mem- 
brane fractions with ensuing potential for recovery prob- 
lems.?^"* Thus, the observation of no development of 
tolerance on the heart receptor level to digoxin treatment 
supports clinical trials indicating that withdrawal of digox- 
in treatment from patients with heart failure is associat- 
ed with clinical deterioration and the inotropic effect of 
digoxin is maintained during treatment.” 

The present study indicates an occupancy of digital- 
is receptors in vivo of around 24% during digitalization. 
This may be compared with an occupancy of receptors 
with digoxin of around 34% in human left ventricular 
samples obtained at necropsy from patients treated with 
digoxin.? This concordance indicates that degradation 
of Na,K pumps as well as release of digoxin from recep- 
tors postmortem may occur with almost equal velocity. 
Thus, evaluation of occupancy of receptors with digox- 
in in samples obtained postmortem seems validated. Fur- 
thermore, the present study is in agreement with the 
report of a 38% reduction in maximal hyperpolarization 
of resting membrane potential in atrial tissue from pa- 
tients treated with digoxin undergoing heart valve oper- 


ations. Measurements of digoxin content by radioim- an o 
munoassay in myocardial samples have given values of TE 
around 78 to 112 ng/g wet weight, 28 corresponding dcr 


around 100 to 143 pmol/g wet weight. In the present. 
study the occupancy observed corresponds to a digox 
content of around 150 pmol/g wet weight. Thus, t hese- 
studies appear to be in reasonable agreement and may: 
indicate that a major part of digoxin bound to the heart 
during digitalization is specifically bound to the Na,K 


pump. 
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ard lower Na,K-ATPase concentration in 
sue from patients with heart failure com- 
'ontrol subjects was observed in the present 
difference is probably not due to mere 

e (p< ( E although the difference does not reach 
| us ‘studies on adonca id biopsies of the left ven- 
tricle from patients with dilated cardiomyopathy and an 
ejection fraction <40%, a 36% lower ?H-ouabain bind- 
- ing compared with that in patients with ejection fraction 
above this value has been found.* The decrease in left 
ventricular ?H-ouabain binding cannot be explained by 
.. a mere increase in fibrous tissue content in patients with 
- . dilated cardiomyopathy“ or in those with ischemic heart 
 disease.?? Furthermore, with ischemic heart disease, a 
reduction of arcund 37% in ?H-ouabain binding in 
human myocardial tissue has been observed? In con- 
clusion, the normal human left ventricular myocardium 
has been found to have a Na,K-pump concentration of 
. 728 + 58 pmol/g wet weight, and when compared with 
<. the normal heart no evidence was noted to support an 
adaptation to digitalization because of up-regulation of 
. digitalis receptor concentration in the failing human 

. heart. 
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tients with extracranial carotid disease (ECD) have 
an increased incidence of coronary events.!-? We are 
reporting data from a prospective study correlating silent 
. myocardial ischemia detected by 24-hour ambulatory elec- 
E trocardiography with the incidence of new coronary 
events at 43-month mean follow-up in elderly patients 
v with 40 to 10096 ECD with and without coronary artery 
~ disease (CAD). 

In a prospective study, technically satisfactory 24- 
hour ambulatory electrocardiography was performed 
using dur Avionics tape recorders (model 445) or 
SpaceLabs 2-channel recorders (model 90205) to ob- 
tain 2 leads corresponding to modified leads V; and Vs 
in 161 patients with 40 to 10096 ECD diagnosed by 
carotid duplex ultrasonography. Bilateral carotid du- 

- plex ultrasonography was performed as previously de- 
scribed: Vmax 0.80 to 1.75 m/s = 40 to 80% arterial lu- 
minal diameter reduction; Vmax 51.75 m/s = 80 to 99% 
arterial luminal diameter reduction; and V,,,, 0.00 mis 
(no Doppler signal on 22 separate tests) = 100% ar- 
terial luminal diameter reduction. 

The tapes were analyzed using a CardioData Mk 3 
computer system or a SpaceLabs FT 2000 computer 
- System. ST-segment changes were written out on electro- 

cardiographic 2er at a speed of 25 mmis and 
interpreted by 2 cardiologists. Patients with marked ST- 
segment depression (2.1. 5 mm) at rest were excluded 
from the study. Silent ischemia was diagnosed if hori- 

zontal or downsloping ST-segment depression 2 1.0 mm 
below the level at rest occurred at SO ms after the J 
point, lasted for 21.0 minute and was unassociated with 
anginal symptoms. If ST-segment depression at rest oc- 
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TABLE I Correlation of Silent Ischemia with Incidence of New 
Coronary Events at 43-Month Follow-Up in Elderly Patients 
with Extracranial Internal or Common Carotid Arterial Disease 











Coronary Events 












Silent ischemia No Silent ischemia 





No, (%) 





te (%) 











37/55 (67%) 
15/50 (30% 


. ECD. with CAD 
CECD without CAD 


[73528085 ip «0001. 
ECD. d Extracranial carotid arterial disease; CAD = coronary artery disease. 


35/38 (92%)* 
14/18 (78%) 
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curred, an additional 2.0 mm of ischemic ST-segment 
depression below the level at rest at 80 ms after the J 
point was needed. Complex ventricular arrhythmias in- 
cluded ventricular tachycardia or paired, multiform or 
frequent (230/hour) ventricular premature complexes. 

The 161 patients included 51 men and I0 women, 
mean age 81 + 8 years (range 62 to 98). Of 161 pa- 
tients with ECD, 93 (5896) had CAD. Patients were 
considered at entry into the study to have CAD if they 
had a documented clinical history of myocardial in- 
farction, or electrocardiographic evidence of Q-wave 
myocardial infarction (91 patients), or typical angina 
pectoris without previous myocardial infarction (2 pa- 
tients). 

Mean follow-up from the day 24-hour ambulatory |. . 
electrocardiography was performed was 43 + 20 
months (range 3 to 68). New coronary events were di- 

agnosed if the patient developed myocardial infarction, 
primary ventricular fibrillation or died suddenly. My- 
ocardial infarction was diagnosed as previously de- 
scribed? Sudden cardiac death was defined as an un- 
expected cardiac death in a patient within 1 hour of 
being clinically stable All coronary events and caus- 
es of death were reviewed by the senior investigator, 
with the physician taking care of the patient. 

Fisher's exact tests were used to analyze data (Ta- 
bles I and Il). Survival curves for coronary events in 
patients with CAD, with and without silent ischemia 
(Figure 1), and for coronary events in those without 
CAD, with and without silent ischemia (Figure 2), were 
estimated using the Kaplan-Meier product limit estima- 
tor and tested for homogeneity with the log-rank and 
Wilcoxon tests. The relation between 12 prognostic vari- 
ables and time to development of coronary events was 


TABLE lf Correlation of Number of Episodes of Silent 
Ischemia, Maximal ST-Segment Depression, and Duration of 
Silent ischemia with Incidence of New Coronary Events in 
Elderly Patients with Extracranial Internal or Common Carotid 
Arterial Disease 






Coronary Events 






No. (% 


13/14 (93%) 
36/42 (86%) 
29/30 (97%) 





z 5 episodes/day of SÍ 

1 to 4 episodes/day of SI 

z 2.0 mm of maximal ST-segment 
depression 

1.0 to 1.9 mm of maximal ST-segment 
depression 

> 60 minutes/day of SI 

1 to 59 minutes/day of SI 


Si = silent ischemia, 









20/26 (77% 







32/34 (94%) 
17/22 (77%) 
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FIGURE 2. Kaplan-Meier survival curves. | 
for development of coronary events (CE) 
in patients with ext ial internal or 
common carotid arterial disease without 
coronary artery disease, with and with- 
out silent ischemia (SI). 
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Log-Rank: p < 0.0001 Months 









| | TABLE IH Prognostic Variables for Coronary Events and Their Regression Coefficients in the E | 
1 | Multivariate Cox Regression Model f 





95% 
Regression Standard Relative Confidence 
Variable Coefficient Error p Value Risk Limits 





















— Silent ischemia 23k 0.000 3.919 (2.464, 6.232) 
Prior CAD 0.820 0.243 0.000 2.271 (1.410, 3.658) 
Serum high-density lipoprotein —0.051 0.015 0.001 0.951 (0.922, 0.980) 

" cholesterol (mg/dl) 
^] Cigarette smoking 0.640 0.25$ 0.013 1.896 (1.159, 3.101) 

. Systemic hypertension 0.390 0.22€ 0.084 1.478 | (0.945, 2.310) | 
Serum total cholesterol (mg/di) 0.005 0.003 | me (0. 999, 1012 I 
Serum triglycerides (mg/dl) -0.002 0.002 à 2) ] 
Sex —0.153 0.25C 
Diabetes mellitus 0.125 0.236 
Complex ventricular arrhythmias 0.102 0.246 
Obesity* . 0.100 

- Age (year) 







* > 20% above ideal body weight. 
CAD = coronary artery disease; sex = 0 if men and 1 if women. 
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Table Il also. ists levels of statistical significance. The 
og-rank and Wilcoxon tests show that the 2 survival 
s for the development of coronary events are sig- 
ntly different (p «0.0001) between the patient groups 
with and without silent ischemia for patients with (Fig- 
ure 1) and without (Figure 2) CAD, respectively. Table 
IH lists 12 prognostic variables for coronary events and 
their regression coefficients in the multivariate Cox re- 
gression model. There was a 40% decrease in the de- 
velopment of coronary events for an increase of 10 
mgldl in serum high-density lipoprotein cholesterol after 
controlling other variables. 
.. . Patients with unstable angina pectoris,"* at high-risk 
after infarction? with prior myocardial infarction, 10-12 
with stable angina pectoris, ®!4 with peripheral arterial 
disease, 2.5.6 and elderly patients with systemic hyper- 
tension, valvular heart disease, or cardiomyopathy with- 
out CAD" have an increased incidence of cardiovascu- 
lar morbidity and mortality. The results from our 
prospective study of 161 patients with ECD showed that 
silent myocardial ischemia detected by 24-hour ambula- 
tory electrocardiography was associated with an in- 
creased incidence of new coronary events in patients 
with and without clinical evidence of CAD. In patients 
with silent ischemia, the incidence of coronary events 
was increased in those with 22.0 mm of maximal ST- 
segment depression compared with that in patients with 
LO to 1.9 mm of maximal ST-segment depression. How- 
ever, the incidence of new coronary events was not sig- 
nificantly different in patients with 25 episodes/day of 
silent ischemia compared with those with «5 
episodes/day or in those with 260 minutes/day of silent 
ischemia compared with those with 1 to 59 minutes/day. 
This study also showed that silent myocardial ische- 
mia was the most important independent risk factor for 
new coronary events in our elderly population with 
ECD. After controlling for other prognostic variables, 
patients with silent ischemia had a 3.9 times greater 
-chance of developing new coronary events than did 
those without silent ischemia. Other independent risk 
factors for new coronary events in this study were prior 
CAD (relative risk 2.3), serum high-density lipoprotein 














cholesterol (relative risk 0. 95), and igarette smoking 
(relative risk 1.9). Whether medical or surgical treatment 
of silent myocardial ischemia can improve the long-term 
prognosis of these patients and how much reduction in - 
silent ischemia may be clinically relevant remains to be 
determined by future studies. 
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P rimary ventricular fibrillation (VF) is an early com- 
plication of acute myocardial infarction (AMI), 
which was recently associated with high in-hospital 
mortality. The usefulness of preventive antiarrhythmic 
drugs in patients with symptoms of acute coronary is- 
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chemia has been addressed in different studies,^? but 
less attention has been given to the identification of AMI. 
patients with a high risk for VE Admission data for pre- 
dicting VF in AMI have been assessed by Flugelman et 
al^? and Molstad® using multiple logistic regression for- 
mulas. In the first study, however, ventricular tachycar- 
dia was included as the end point for analysis, and no 
distinction was made between primary and secondary 
VF, whereas in the second study, only variables of 
doubtful value in clinical practice were considered. We 
investigated the usefulness of routine clinical, electro- 
cardiographic and laboratory parameters for predicting 
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- | TABLE | linkai PTN and ABOO Data on 

| Admission to the Hospital in 85 Acute Myocardial Infarction 
Patients With and 187 Without Ventricular Fibrillation (control 

| group) 























Variable VF Group 


57 * 11 


Control Group 


57+ 10 


p Value 








p Age (year) 

















Cigarette smokers 7096 6876 NS 
Time from onset of 165 + 162 178 x 154 NS 
pain and admis- 
sion (min) 
SBP (mm Hg) 128 + 29 147 x 29 «0.001 
Electrocardiogram 
Heart rate (beats/ 76 + 24 77 x 18 NS 
min) 
ZST (3 leads) 13 17 8z11 <0.005 
Mean QTc (Bazett) 0.41 + 0.03 0.41 + 0.03 NS 
inferior site 69% 56% «0.05 
2nd-/3rd-degree 15% 8% < 0,005 
AV block 
Arrhythmias (QRS 13% 6% « 0.05 
z 0.12 sec- 
ond)* 
Laboratory 
Kalemia (mEq/L) 3.8 X 0.4 3.9 £04 NS 











*Without hemiblock ar bundie branch block. 
AV = atrioventricular; SBP = systolic blood pressure; VF = ventricular fibriliation. 






















the development of VF in patients with AMI in Killip's 
functional class I and H. 

A group of 85 patients (74 men and 1 women, mean 
age 57 years) with AMI in Killip's class I and IT who 
developed VF within the first 12 hours after admission 
to the hospital were retrospectively selected from among 
1,888 AMI patients admitted to the coronary unit dur- 
ing the past 10 years (208 patients with Killip’s class 
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F TABLE H Predictive Model of ieee Regression | in ! Half of. = 
Í Patients Selected at Random 


SBP 
»110mm Hg 





XST »i10 mm Arrhythmia . 
(3 leads) 


inferior 


Site intheECG | .. 


95% Cl of OR 
Lower limit 
Upper limit 





Constant: coefficient = ~} 8362, The coefficient of the constant is provided to 
enable calculation of probabili ae developing VF. 

CI = confidence interval; ECG = electrocardiogram: OR = odtis ratio; SBP = = systolic 
blood pressure. 


lil and IV). The control group comprised 187 patients 
(769 men and 18 women, mean age 57 years) with AMI 
in Killip's class I and Il without VF who were admit- 
ted to the hospital consecutively within 12 hours after. 
the onset of symptoms during 1981 and 1987 (23 pa- . 
tients were excluded because of Killip's class HI and IV, ` 
aud 55 because no electrocardiograms were available - 
within 12 hours after the onset of symptoms of AMI). 
Tàe diagnosis of AMI was based on the presence of 22 
of the following findings: typical chest pain, character- 
istic changes in the 12-lead electrocardiographic 
recording, and increase in serum creatine kinase or cre- 
atine kinase myocardial subfraction. The mean time 
elapsed from the onset of symptoms to hospital admis- 
sien was 165 t 162 minutes in patients with VF and 
176 = 154 minutes in control subjects (p = NS). | 
A set of clinical, hemodynamic, laboratory and elec- 
trocardiographic variables related to occurrence of VF 
were prospectively assessed on admission. The chi- 
square test was used for analysis of the relation be- 
tween pairs of categoric variables, and the Student's t 
test for continuous and dichotomous variables. Contin- 
uous variables were categorized into dichotomous vari- 
abies for logistic regression modeling purposes. Cutoff 
vaiues were established in accordance with clinical cri- 
teria. Variables that reached statistical significance (p 
« 0-05) in the bivariate analysis were included in a lo- 
gistic regression model. A model was fitted with half of p 
patients chosen at random (derivation subset). The pre-.— 
dictive power of the model was tested in the remaining 
patients (validation subset). Receiver-operating charac- 
teristic” curves were used to assess the proportion of 
true- and false-positive results generated by different 
cutoff values in the predicted probability of VF. The 
areas under the curves for each subset of panaon were 
compared by the method of Hanley and McNeil8 = 
Bivariate analysis showed that patients in the VE 
group were significantly different from control subjects i 
in the mean values or proportions of the following vari- 
ables (Table I): systolic blood pressure >10 mm Hg on. 
admission, inferior localization of necrosis, sum of ST . . 
216 mm in 3 electrocardiographic leads, arrhythmias _ 
in ihe electrocardiogram on admission, second- or 
third- degree heart block, and QRS >0.12 second in thë > 
absence of branch block or hemiblock pattern. Infarc-. > 
tion size (as evaluated 4 days after admission by the. 
simplified QRS score? was similar in both groups. In: E 










‘hospital mortality was significantly higher in patients 
with VF (15%) than in control subjects (4%) (p «0.01 ). 
.. When the regression model was fitted with the data 
from the derivation subset, only systolic blood pressure 
>10 mm Heg, inferior site of infarction, and ST >10 
mm in 3 electrocardiographic leads contributed signifi- 
cantly to the predictive capacity of the model (Table II). 
Systolic blood pressure >10 mm Hg showed a protec- 
tive effect on the occurrence of VF (odds ratio 0.4, and 
9596 confidence interval 0.2—0.9), whereas the remain- 
ing parameters contributed as risk factors. The predic- 
tive capacity of the model did not change significantly 
when the validation subset was applied (Figure 1). A 
60.5% sensitivity and 77% specificity were obtained 
using a cutoff value of 0.4 in the model-predicted prob- 
ability. The positive predictive value was 1296, accord- 
ing to the actual prevalence of VF (4.596) in our hos- 
pital. Using a cutoff value of 0.2, the sensitivity of the 
model increased to 90.3%, but the specificity decreased 
to 27% and the positive predictive value to 6%. 

In this study, simple measurements such as systolic 
blood pressure >110 mm Hg, inferior infarction, and sum 
of ST >10 mm in 3 electrocardiographic leads were 
identified as predictive factors for VF in AMI patients 
with no congestive heart failure. QTc interval, low di- 
astolic blood pressure and maximal elevation of the ST 
segment in the electrocardiographic record were previ- 
ously identified as predictive factors by Flugelman et 
al.4 In those studies, however, the numbers of patients 
were small, the time interval between the onset of symp- 
toms and collection of data was not considered, and no 
distinction was made between congestive heart fail- 
ure-related VF and primary VF. Blatt et al have shown 
the protective effect of reactive systemic hypertension in 
dogs. In the study of Presley et al," a higher mortality 
was found among AMI patients with normotension and 
tachycardia than among those with hypertension and 
tachycardia. The relevance of the degree of ST eleva- 
tion has not been systematically assessed in patients with 
AMI, but our results and those of Flugelman et al*? 





stress the high predictive value of this parameter on ad- 
mission. In the present study, however, the greater pro- 
portion of inferior infarcts could be explained by the ex- 
clusion of patients in Killip's functional class III and IV. 
In summary, on the basis of simple clinical measure- 
ments such as systolic blood pressure >110 mm Hg, in- 
ferior infarct location, and sum of ST >10 mm in 3 elec- 
trocardiographic leads, 90% of patients with AMI in 
Killip’s class I and H with high risk for VF can be 
identified on admission. However, a large proportion of 
these patients will never develop VF, according to the 
low prevalence of VF among our patients with AMI. 
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Elevated Circulating Levels of Beta 2-Microglobulin in Patients 
with Idiopathic Dilated Cardiomyopathy 

Günter Klappacher, MD, Gerald Mundigler, Mb, Angelika Papousek, MD, Richard Pacher, MD, 

Wolfgang Woloszczuk, PhD, Robert Ullrich, MD, Peter Buxbaum, MD, and Dietmar Glogar, MD 


Be 2-microglobulin is a low molecular weight pro- 
Mein of 11.6 kD found on the surface of nearly all nu- 
cleated cells.! There it constitutes the light invariant 
chain of the class I major histocompatibility molecule, 
which is involved in the the antigen presentation during 
interaction with T lymphocytes.! Beta 2-microglobulin 
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appears in free soluble form in serum where it is in- 
creased in states of T cell activation, i.e., in viral infec- 
tions,” and chronic inflammatory, autoimmune and lym- 
phoproliferative  disorders.*? Its serum concentration 
also depends on renal function because the kidneys are 
the main site of clearance. The marked retention dur- 
ing chronic renal failure results in the formation of the 
dialysis-associated amyloid whose major protein is B 2- 
microglobulin.”? Samsonov et alë recently described B 2- 
microglobulin as a serologic marker for cellular immune 
activation in inflammatory heart diseases. We report here 
that elevated plasma values correlated both with the. 

stimulation of the renin-angiotensin system due to re- 
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0.20 + 0.02 























ejection fraction” 0.31 x 0.03 
nean pressure (mm Hg) 7.12209 
R ular end-diastolic pressure (mm Hg) 6+ 1 
'ulmonary artery mean pressure (mm Hg) 25 3-2 
ulmonary capillary wedge pressure (mm Hg) 16 +2 
ardiac index (liters/ min/m?) 22 £01 
"Pulmonary vascular resistance (dynes s min" 9) | 168 x 23 
~ Systemic vascular resistance (dynes s mín- 5) 1404 + 82 


*Right and left ventricular ejection fractions were determined by radionuclide 
ventriculography in the 30 patients with sinus rhythm; 6 patients with atrial fibrillation 
were exciuded. 








duced renal perfusion and with T cellular hyperrespon- 
siveness in patients with idiopathic dilated cardiomy- 
opathy (IDC). Thus, B 2-microglobulin reflects different 
factors in the complex pathophysiology of IDC. 
Thirty-six patients with IDC (30 men and 6 women, 


aged 52 + 2 years) were investigated consecutively be- 
tween December 1989 and November 1990 at the De- 
partment of Cardiology, University of Vienna. The posi- 
tive control group consisted of 19 patients with inva- 
sively diagnosed 2- or 3-vessel coronary artery disease 
who had a comparable degree of concomitant heart 
failure, ie., “ischemic cardiomyopathy." Thirty age- 
and sex- matched healthy donors and 20 patients with 
coronary artery disease and normal left ventricular 
function composed the negative control groups. The pa- 
tients with either idiopathic or ischemic cardiomyopa- 
thy were in New York Heart functional class Il to IV 
and had a fractional myocardial shortening of «2696 
(assessed by echocardiography) at the time of evalua- 
tion. They had a left ventricular ejection fraction of 
<40% (as measured by radionuclide ventriculography) 
or a cardiac index of <3 liters/minin? (as determined 
by the thermodilution method), or both. They had no 
evidence of active infection, inflammatory disease, can- 
cer, hypertension or renal failure. They received a stan- 
dardized therapeutic regimen consisting of angiotensin- 
converting enzyme inhibitor, long-acting nitrates, digi- 
talis, spironolactone and furosemide, the daily dose of 
which was titrated clinically and ranged from 40 to 250 
mg/day. The histologic examination revealed hypertro- 
phy of myocardial cells as the prominent feature in 
66%, and extensive areas of replacement fibrosis with 
signs of myocardial cell degeneration in 3396 of the 
IDC patients whe underwent endomyocardial biopsy. 
Focal inflammatory infiltrates were additionally seen in 
13%. Swan-Ganz right-sided cardiac catheterization, 
was performed simultaneously with blood sampling for 
assessment of immunologic, neurohumoral and clinical 
chemistry variables (Table 1). Native serum and 
ethylenediaminetetraacetate plasma were stored at 
—20*C until use. The serum levels of soluble interleukin- 
2 receptor and soluble CD4 were measured by enzyme- 
linked immunosorbent assay kits (Cellfree&, T Cell Sci- 
ences, Cambridge, Massachusetts) which were used ac- 
cording to the manufacturer's instructions. The plasma 
values of B 2-microglobulin were determined by ra- 


> dioimmunoassay kits (Immunotech S.A., Marseille, 
=> France). Data are expressed as mean + SEM; ; the p 


mE High (n = 
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‘TABLE tt Characteristics of 36 Patients: with idiopathic Dilated BE 
| Cardiomyopathy According to Plasma Concentration of Beta 
(2. -Microglobulin 














Plasma Beta 2-Microgiobulin* 


Low (n = 24) 


i 12) p Value 
|. NYHA functional 5/7 20/4 0.01 
| — class (/HI4+1V) 
Furosemide daily 121 + 47 21+6 «0.01 
| . dose (mg) 
| Leftventricularejec- 0.14003 — 0.24 € 0.02. «0.025 
i — tion fractiont (n = 8) (n = 22) 
Serum sil-2R 750 + 100 527 £41 <0.025 
(U/m) 
Serum soluble CD4 2525 14+2 <0.05 
(U/mi) 
Plasma renin activ- 26 x5 822 « 0.001 
ity (ng/ml/houn 
Serum sodium 140 +1 144 + 1 « 0.0025 
(mmoi/liter) 
Blood urea nitrogen 23 t2 16 x1 « 0.0005 
(me/di)t 
Serum creatinine 0.9+0.1 0.8+ 0.1 NS 
(mg/di)$ 
Serum bilirubin 1.4 t 0.3 07 £01 «0.005 
(mg/dl)j 






*Plasma concentrations of 2 2.3 mg/liter (i.e., mean + 2 SD of control group? were 
considered high, and those below this level were considered low. l 
fLeft ventricular ejection fractions were determined by radionuclide ventriculography 
in the 30 patients with sinus rhythm; 6 patients with atrial fibrillation were excluded. 
tfo convert values for blood urea nitrogen to mmol/liter of urea, multiply by 0.357. 
$To convert values for creatinine to uM/liter, multiply by 88. 4. 
Mw convert values for bilirubin to pM/ Kter, multiply by 17.104. 
YHA = New York Heart Association; sil- 2R = soluble interleukin-2 receptor. 








values are 2-tailed. A p value 20.05 was considered not 
significant. The significance of the differences between 
groups was evaluated by the 2-sample t test for un- 
paired data. Alternatively, the nonparametric Mann- 
Whitney U test was used, when large differences in 
group variances were evident in Hartley's F-max test. 
For simple linear regression between 2 variables the 
correlation coefficient r and the regression equation 
y=a + bx with a as the intercept and b as the slope 
are reported. For polynomial regression of the second 
order the equation is y 2 a + bx + cx’. The p values 

are 2-tailed for the probability that r and b are not 
equal to zero (t tests). 

Circulating B 2-microglobulin was slightly but sig- 
nificantly elevated in 36 patients with IDC compared 
with 30 age- and sex-matched control subjects (2.1 + 
OF vs 1.7 X 0.1 mg/liter, p «0.005). The 1 IDC patients 
in New York Heart Association functional classes Hl 
and IV had higher plasma values than the 25 in New 
York Heart Association functional class IH (2.7 + 0.3 vs 
18 + 0.1 mgiliter, p «0.001). The clinical condition 
(Le, New York Heart Association functional class, 
furosemide daily dosage) and left ventricular ejection — 
fraction differed significantly between low and high . 
level strata of B 2-microglobulin (Table II). According - 
to its physiologic role as a marker both of renal func-. - 
tion and of T cell activation, B 2-microglobulin reflect- ` 
ed the stimulation of the renin-angiotensin system as 
weli as T cellular hyperresponsiveness in IDC. On the — 
one hand serum values of T cell markers (Le., of solu- < 
ble interleukin-2 receptor and soluble CD4) differed be- 

tween IDC patients with low and high B 2-micro- - 
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FIGURE 1. Correlation between circulating levels of beta 2- 
microgiobulin (82m) and those of: A, soluble interleukin 2- 
. receptor (sIL-2R, y = 1.1 + 0.002x); B, serum sodium - 

| (y = 149.6 - - 1.9x * 0.006x?); C, blood urea nitrogen (BUN, 
ys18- 0.07x + 0.005x2); and D, plasma renin activity 

- (PRA, y = 1.7 - 0.01x + 0.001x?). ! 








-globulin (Table II and Figure 1A). On the other hand, 
variables dependent on the renin-angiotensin system, 
(i.e., plasma renin activity, serum sodium and blood 
urea nitrogen, indicating the sequestration of "effec- 
tive" volume into the third space) were different be- 
tween low and high level strata of B 2- microglobulin 
(Table Il) and correlated with the blood concentrations 
of B 2-microglobulin (Figure 1, B to D). Serum creati- 
nine was loosely associated with plasma values of B 2- 
microglobulin (r = 0.52, p = 0.0104) between low and 
high responders (Table Il). In the secondary form of 
chronic heart failure (i.e., ischemic cardiomyopathy), 
circulating B 2-microglobulin was also elevated above 
the normal range (n- 19, 2.3 X 0.2 mglliter, 
p = 0.0001). Specificity for myocardial diseases was 
demonstrated by the lack of enhanced release of B 2- 
microglobulin into the serum of patients with the non- 
mycoardial heart disease tested (i.e., coronary artery 
disease with normal left ventricular function [n = 20, 
18 X 0.1 mglliter, p = not significant). 

_ The results of this study confirm previous investiga- 
tions, that the T cell-mediated immune response may 
play a role in the still unknown pathogenesis of IDC.5-!! 
Our patients with IDC who had high circulating levels 
of B 2-microglobulin were in an advanced clinical stage 
and had higher serum values of other T cell markers 
than low B 2-microglobulin responders. Similarly, Sam- 
sonov et al* recently demonstrated serologic markers of 
T cell activation to be associated with the clinical con- 

dition in patients with IDC and chronic myocarditis. El- 
evated plasma B 2-microglobulin has likewise been 
demonstrated to be linked. to disease progression in 
states of T cell stimulation (during viral infection,?? 

. lymphoproliferative and autoimmune disorders*5), 

.. Blood concentrations of B 2-microglobulin also de- 


| eoma onal protein of dialysis relied. 


by slmena filtration eee 
mode of feos Because of its. ma 


that preferably involves articular and para-art icular ti : 
sues.’ Consequently plasma f 2-microglobulin reflected 


the renal function in our patient cohort with IDC: (1) __ 
There was a loose but significant correlation between — - 


circulating levels of B 2-microglobulin and those of 
creatinine. (2) Plasma B 2-microglobulin was closely 
linked with parameters of the stimulated renin-an- 
giotensin system (ie., increased plasma renin activity, 
high blood urea nitrogen and hyponatremia). This is in 
agreement with observations during and after cardiopul- 
monary bypass demonstrating that elevated plasma renin 
activity due to reduced renal perfusion correlates with 
urine concentrations of B 2-microglobulin. In chronic 
heart failure the enhanced release of renin (with the con- 
comitant increase of plasma  2-microglobulin) indi- 
cates the overall hemodynamic stage. It is not only 
caused by the decreased renal blood flow, but also by 
the heightened adrenergic drive via adrenoceptors in the 
juxtaglomerular apparatus and by other mechanisms 
compensating the low cardiac output." 

In conclusion, the augmented circulating levels of B 
2-microglobulin in IDC resulted from its enhanced 
synthesis by T lymphocytes as well as from its dimin- 
ished clearance through the kidneys. Plasma p 2-mi- 
croglobulin was associated both with the T cellular hy- 
perresponsiveness and the stimulation of the renin-an- 
giotensin-aldosterone axis in patients with IDC. Thus, B 
2-microglobulin may serve as useful marker of disease 
activity, reflecting different aspects in the multifactorial 
pathogenesis of IDC. Future studies, directly performed 
on endomyocardial biopsy specimens, will have to prove 
if B 2-microglobulin also is an amyloidogenic protein in 
the failing heart according to its role in chronic renal in- 
sufficiency? 
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Electrocardiographic Features of Atrial Tachycardias After 
Operation for Congenital Heart Disease 


Gabriele |. Müller, MD, Barbara J. Deal, mD, Janette F. Strasburger, MD, 


and D. Woodrow Benson, Jr., MD, PhD 


AC tachycardias occurring in young patients after 
surgery for congenital heart disease have been re- 
ferred to as atrial flutter.'-^ Typical atrial flutter is usual- 
ly found in patients aged >50 years with coronary artery 
or hypertensive cardiovascular disease, or both.” Consid- 
ering the different clinical setting for patients with typi- 
cal atrial flutter’ in contrast to patients after operation 
for congenital heart disease, we evaluated the 
electrocardiographic features of atrial tachycardias in pa- 
tients with postoperative congenital heart disease to see 
how many presented with typical atrial flutter. 

Between 1983 and 1992, we evaluated 9 male and 
21 female patienis after operation for congenital heart 
disease who presented with sustained atrial tachycar- 
dia. At the time ef tachycardia detection patients were 
6 months to 48 vears of age (mean 16 years, median 


14). Table 1 lists the cardiac diagnoses and types of 


surgery performed. The time from operation until the 
tachycardia onset ranged from 3 days to 20 years 
(mean 7 years; median 9). Postoperative pacemaker 
implantation had been performed in 4 patients. At ini- 
tial evaluation for tachycardia, 13 patients were not re- 
ceiving any medication, 11 patients were receiving 
digoxin and 6 patients were receiving class I antiar- 
rhythmic drugs. in this latter group, 2 patients were 
treated for atrial fibrillation (procainamide 1, quinidine 
1) and 4 patients for atrial tachycardia (procainamide 
3, quinidine 1). Antiarrhythmic drug blood concentra- 
tions at the time ef the study were therapeutic in only 
2 of 6 patients. 

Presenting symptoms were palpitations (17 patients), 
dizziness (1 patient), nausea (1 patient) and lethargy (2 
patients). Tachycardia was noted during routine check- 
up without symptoms in 9 patients. 

The 12-lead electrocardiograms of the initial tachy- 
cardia episode were independently reviewed by 4 exam- 
iners and classified according to the 3 patterns de- 
scribed later. The classification was unanimous in 26 
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patients. In 4 patients the electrocardiogram was re- 
viewed again in a blinded fashion and the majority vote 
accepted. 

A bipolar esophageal electrocardiogram and stan- 
dard electrocardiogram were recorded simultaneously | 
at a paper speed of 50 and 100 mmís to determine the 
atrial cycle length during tachycardia. 

Since 24 patients eventually had tachycardia recur- 
rence, a total of 104 tachycardia episodes was observed 
in the 30 patients. All episodes were converted with ei- 
ther temporary transesophageal pacing (95 episodes) 
dd current cardioversion (6 episodes), or by tempo- 

rary rapid atrial pacing using an implanted DDD pace- 
maker (Medtronic Symbios 7005 for 3 episodes in 1 pa- 
tient). 

Based on observed electrocardiographic patterns, 
patients were classified into 3 groups. The distribution 
of atrial cycle lengths among the 3 groups is illustrat- 
ed in Figure 1. Group | consisted of 9 patients (30%) 
with typical flutter waves in leads H, Ill and aVF, atri- 
al cycle lengths of 160 to 260 ms (atrial rates of 231 
to 375 beats/min) and 2:1 (3 patients), 3:1 (4 patients) 
and 4:1 (2 patients) conduction. Group 2 consisted of 
10 patients (33%) with clearly detectable P waves pre- 
sent on the standard electrocardiogram that did not 
meet the criteria of flutter waves. Atrial cycle lengths. 
were 140 to 380 ms (atrial rates of 158 to 375 — 


TABLE I Diagnoses and Surgical Procedures in 30 Patients 
with Postoperative Sustained Atrial Tachycardia 


Operation No. of Pts. 


Atrial baffle operation 
Simple d-TGA 
Complex d-TGA 

Fontan procedure 
Tricuspid atresia 
Complex CHD 

Definitive surgical procedures 
Ventricular septal defect 
Atrial septal defect 
Tetralogy of Fallot 
Truncus arteriosus 
Atrioventricular septal defect 
Other complex congenital iesions 





CHD = congenital heart disease; d-TGA = dextrotransposition of the great arteries}. 

























FIGURE 1. Distribution of atrial mo 
"— among 30 patients with postoper- - 
genital heart disease presenting | 








beats/min) with 1:1 (2 patients), 2:1 (7 patients) and 
3:1 (1 patient) conduction. Group 3 consisted of 1 pa- 
tients (3796) with no clearly visible P waves on the 
standard electrocardiogram. Atrial cycle lengths were 
210 to 360 ms (atrial rates of 167 to 286 beats/min) 
with 1:1 (4 patients), 2:1 (6 patients) and 3:1 (1 pa- 
tient) conduction. Figure 2 shows the different electro- 
cardiographic features during tachycardia among the 3 
groups. The atrial cycle lengths in patients treated with 
type 1 antiarrhythmic drugs overlapped with those of 
the untreated patients (Figure 1). Of the 2 patients with 
therapeutic blood concentrations of procainamide, 1 
patient was in group 1 and 1 was in group 2. Of the 
other 4 patients receiving ty type | antiarrhythmic treat- 
ment, 1 patient was in group 1 and 3 were in group 2. 

Although atrial tachycardias in patients with postop- 
erative congenital heart disease are frequently referred to 
as atrial flutter, we found that 21 of 30 patients (70%) 
did not present the features of typical atrial flutter. To 
the extent that tachycardias can be characterized by 
electrocardiographic features and underlying heart dis- 
ease, we suggest that atrial tachycardias in these young 
patients may differ from typical atrial flutter. 

Typical or type I atrial flutter is associated with coro- 
nary artery or hypertensive cardiovascular disease, or 
both, in 2 of 3 of all cases, and in most cases patients 
-are aged >50 years? Studies in animals and humans?! 
favor a reentrant mechanism, but the exact configuration 
of the reentrant circuit has not been completely defined. 
Boineau’ emphasized the fundamental importance of the 
anatomic substrate including both caval orifices and a 
contiguous zone of myocardial discontinuity and slow 
conduction. Support for this idea was provided by Cosio 
et al? who demonstrated a circuit in the right posterior 
atrial wall rotating around the inferior vena cava in hu- 
mans. However, Okumura et al? showed in a dog model 
that anatomic obstacles were not necessary. Neverthe- 
less, there seems to be agreement about the need for a 
functional substrate in typical atrial flutter which is 
thought to consist of slow conduction or a repolariza- 
tion inhomogeneity close to the potential reentrant cir- 
cuit, or both. 12.2 
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A variety of terms are used to describe “‘variants”’ 
of atrial flutter. Atypical atrial flutter describes a less 
common form, usually with slower atrial rates showing 
more discrete P waves and without sawtooth waves." 
Boineau’ described a spontaneous type II atrial flutter in 
a dog and correlated it to the atypical form of flutter in 
humans. Wells et al! described a type II atrial flutter in 


GROUP 2 





FIGURE 2. Standard electrocardiographic tracings Il, IIl and 
aVF showing 3 different types of presentation of atrial 
tachycardias (AT) in patients with postoperative congenital 
heart disease before dnd after conversion to normal sinus 
rhythm (NSR). 
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nans with fast amid rates distinct from uncommon or 
i -atypical atrial flutter, and suggested this type represent- 
- -ed an intermediate form between type I flutter and atri- 
al fibrillation. Some of the patients we evaluated had 
electrocardiographic features that would correspond to 
an “‘atypical’’ form of atrial flutter. However, some pa- 
tients with atypical features had short tachycardia cycle 
lengths, and in 37% of patients no P waves were iden- 
tified. Thus, as previously used, neither the term atypi- 
cal, uncommon, or type II flutter seems sufficient to de- 
= Seribe the tachycardias observed in the majority of pa- 
— tients reported in this study. 

The anatomic substrate for atrial tachycardias after 
operation for congenital heart disease is thought to re- 
sult from intraatrial surgery, cardiopulmonary bypass, 
myocardial scarring, and different zones of myocardial 
discontinuity unrelated to ‘“‘normal’’ anatomic obstacles. 
. These atrial tachycardias have been considered to be part 
|. of the tachycardia-bradycardia (sick sinus) syndrome.! 
Although damage to the sinus node has been hypothe- 
sized as the cause of these rhythm disturbances, alter- 
ation in intraatrial conduction may be a more plausible 
explanation. for observed tachycardia and bradycardia. 
Vetter et al? found intraatrial conduction delays and pro- 
longed atrial refractoriness to be a frequent occurrence 
after the Mustard operation; 51% of patients had induci- 
ble intraatrial reentry tachycardia. Similarly, after the 
Fontan procedure, abnormalities of intraatrial conduction 
and refractoriness were frequently seen and 76% of pa- 
tients had inducible intraatrial reentrant tachycardia.? In 
a dog model of the Mustard procedure, Shuman et al" 
found reentrant pathways involving suture lines and nat- 
ural obstacles in different parts of the atria. These obser- 
vations?!” as well as the high success rate of conver- 
sion with temporary pacing support the idea of a reen- 
trant mechanism, although triggered activity as the 
physiologic basis for tachycardias in this model 
-of abnormal iniraatrial conduction and refractoriness 

cannot be excluded. 

The electrophysiologic basis and the mechanism of 
atrial tachycardias in the patients with postoperative con- 
genital heart disease whom we studied is not complete- 
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ly known. Hoses since most dif these 
have a distinctive anatomic and. functior 
is not surprising that they do not have electrocardiog 
features of typical atrial flutter. Instead, 
entity be referred to as atrial tachycardia 
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From Merck Research Laboratories, 
An Important HMG-CoA Reductase Inhibitor 


* Y. 





For a wide range of patients with primary hypercholesterolemia 
(Types Ila and IIb), after an adequate trial of diet and other nondrug therapy, 


WORKING TO ACHIEVE YOUR 
HIGH STANDARDS FOR 
LOWERING CHOLESTEROL 


In many indicated patients, 


A positive effect on all key lipid 
parameters at the starting dosage: 


The efficacy that you need— 
with a favorable tolerability profile 


ZOCOR is contraindicated in patients who are hypersensitive to any component of the 
medication; in patients with active liver disease or unexplained persistent transaminase 
elevations (see WARNINGS); in pregnant or lactating patients; and in women of 
childbearing age except when such patients are highly unlikely to conceive. 


For more details about contraindications, warnings, precautions, and adverse 
reactions, including information about liver function testing and myopathy, 
please see the Brief Summary of Prescribing Information on the reverse side 
of this advertisement. 
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* The recommended starting dose is 5 or 10 mg once a day in the evening. Patients with LDL cholesterol levels 
(on diet) >190 mg/dL should be started on 10 mg once a day. A starting dose of 5 mg once a day should be 
considered for patients with LDL cholesterol (on diet) of € 190 mg/dL (see National Cholesterol Education 
Program guidelines) and for elderly patients. See Prescribing Information for more details about dosage, 
including information about elderly patients and patients on immunosuppressive drugs or with severe 
renal insufficiency. 
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SIMVASTATIN: 
ZOCOR is available in 5-mg, 10-mg, 
20-mg, and 40-mg tablet strengths. 


CONTRAINDICATIONS: Hypersensitivity fo any component of this 
medication 

Active liver disease or unexplained persistent elevations of serum 
ransaminases (see WARNINGS). 

Pregnancy and lactation. Atherosclerosis is a chromc process, and the 

discontinuation of lipid-iowering drugs during aregnancy should have little 
impact on the outcome of long-term therapy of primary hyperchotesterotemia. 
Moreover, cholesterol! and other products of the cholesterol biosynthesis 
pathway are essential components for letal devexopment, including synthesis 
of steroids and cell membranes. Because of the arality of HMG - CoA reductase 
inhibitors such as ZOCOR* (Simvastatin) to decrease the synthesis of 
cholesterol and possibly other products of the cholesterol biosynthesis 
pathway, ZOCOR may cause fetal harm when administered tà a pregnant 
woman Therefore, simvastatin is contraindicated during pregnancy and in 
nursing mothers. Simvastatin should be administered to women of 
childbearing age only when such patients are highly untikely to 
conceive. |! a patient becomes pregnant while taking this drug. simvastatin 
should be discontinued and the patient shouid he apprised of the potential 
hazard to the fetus. 
WARNINGS: Liver Dysfunction: Persistent increases (to more than 
3 times the upper limit of normal) in serum transaminases have 
occurred in 1% of patients who received simvastatin in clinical 
trials. When drug treatment was interrupted or discontinued in these 
patients, the transaminase levels usually fell slowly to pretreatment levels 
The increases were nol associated wilh jaundice or other chnicai signs or 
symptoms. There was no evidence of hypersensibyily 

it is recommended that liver function tests be performed during 
therapy with simvastatin. Serum transaminase levels, including 
ALT (SGPT), should be monitored before treatment begins, every 6 
weeks for the first 3 months, every 8 weeks during the remainder 
of the first year, and periodically thereafter(e.g., at approximately 
$-month intervals). Special attention shoule be paid to patients who 
develop elevated serum transaminase levels, and in these patients, 
measurements should be repeated promptly end then performed more 
frequently. If the transaminase levels show ewidence 0f progression. 
particularly if they nse to 3 times the upper fmit oi normal and are persistent, 
the drug should be discontinued. Liver biopsy should be considered id 
elevations persist beyond the discontinuation of the drug 

The drug should be used with caution in patients who consume 
substantial quantities of alcohot and/or have a past history of liver disease. 
Active liver diseases or unexplained transaminase elevations afe 
contraimdications to the use of simvastatin. 

As with other lipid-lowering agents. moderate (less than 3 times the upper 
umil of normal) elevations of serum transaminases have been reported 
following therapy with simvastatin. These charges appeared soon aller 
initiation of therapy wilh simvastatin, were otten transient, were nol 
accompanied by any symptoms. and did not require mterruption of treatment, 
Skeletal Muscle: Rare cases of rhabdomyolysis with acute renal failure 
secondary to myoglobinuria have Deen associated wilh simvastatin therapy 
Rhabdomyolysis has also been associated with oer HMG-CoA reductase 
inhibitors when they were administered alone ar concomitantly with 1) 
immunosuppressive therapy, inctuding cyclosposne in cardiac transplant 
patients. 2) gemfibrozil or ipid-towering doses (21 g/day) of meote acid in 
non-transplant patients: or 3) erythromycin in sericusty di patients Some ot 
Ihe patients who had rhabdomyolysis in association with the reductase 
inhibitors had preexisting renal insufficiency, usually as 4 consequence of 
longstanding diabetes In most subjects who have had an unsatistactory lipid 
response to either simvastatin of gemfibrozd alone the possible benefits ol 
combined therapy with these drugs are not considered to outweigh the risk of 
severe myopathy, rhabdomyolysis. and acute renal failure. While it is nol 
known whether this interaction occurs with fibrates other than gemfibrozil, 
myopathy and rhabdamyotysis have occasionally been associated with the use 
of other fibrates alone. including clofibrate Therefere, the combined use o! 
simvastatin with other fibrates should generally be aveided. 

Physicians contemplating combined therapy with simvastatin and hipid- 
lowering doses of nicotinic acid or wah immunossppressive drugs should 
carefully weigh the potential benefits and risks and should carefully monitor 
patients for any signs or symptoms of muscle pari, enderness, of weakness, 
particularly during the initial months of therapy ard during any periods of 
upward dosage titration o! either drug. Periodic creatine phosphokinase (CPK) 
determinations may be considered in such Situations. Sut here is no assurance 
thal such monitoring will prevent the occurrence ot severe myopathy. 

Because of an apparent relationship between myopathy and increased plasma 
levels of active metabolites derived from other HMG-CoA reductase inhibitors. 
the daily dosage should not exceed 10 mg/day in gatients who ate taking 
cyclosporine (see DOSAGE AND ADMINISTRATION in Prescribing Information) 

Simvastatin therapy should be temperarily withheld or 
discontinued in any patient who has an acute, serious condition 
suggestive of a myopathy or who has a risk factor predisposing to 
the development of renal failure secondary to rhabdomyolysis 
{e.g., severe acute infection, hypotension, major surgery, trauma, 
severe metabolic, endocrine, and electrolyte disorders, and 
uncontrolled seizures}. 

Myopathy should be considered in any patient with diffuse myalgias. 

muscle tenderness or weakness, and/or marked elevation of CPK Patients 
should be advised to report promptly unexplained musele pam, tenderness, 
or weakness, particularly if accompanied by malaise or fever Simvastatin 
therapy should be discontinued if markedly eievalec CPK levels occur or ii 
myopathy is diagnosed or suspected. 
PRECAUTIONS: General: Before instituting therapy with ZOCOR, an attempt 
should be made to control hypercholesterciemia wilh asipropriate diel, exercise, 
and weight reduction in obese patients and to treat other underlying medical 
problems (see INDICATIONS AND USAGE in Prescribing Information) 

Simvastatin may cause elevation of CPK and transaminase levels (See 
WARNINGS and ADVERSE REACTIONS) This shoul be considered in the 
differential diagnosis of chest pain in a patient on therapy with Simvastatin 
Homozygous Familial Hypercholesterolemia: ZOCOR is less effective 
in patients with the rare homozygous famial hyperchotesterotemia. 
possibly because these patients have few functional LOL receptors 
information tor Patients: Patients should be advised to report promptly 
unexplained muscle pain, tenderness, of weakness, particulany if 
accompanied by malaise or fever 


Drug Interactions: immunosuppressive Drugs, Gemlibrazil, Niacin 
{Nicotinic Acid), Erythromycin See WARNINGS. Sxeletal Muscle. 

Antipyrine: Because simvastatin had no effect ov the pharmacokinetics of 
antipyrine, interactions with other drugs mesabolized via the same 
cytochrome isozymes are not expected 

Propranolol In healthy male volunteers, there was a significant decrease in 
mean Cos, but no change in AUC, for simvastatin total and achive inhibitors 
with concomitant administration of single doses cf ZOCOR™ (Simvastatin) 
and propranolol. The clinical relevance of this finding is unclear The 
pharmacokinetics of the enantiomers of propranolol were not aftected. 

Digoxin Concomilant administration of a single vase af digoxin in healthy 
male volunteers receiving simvastatin resulted in a slight elevation (less than 
0 3 ng/mL) in digoxin concentrations in plasma [a5 measured by a 
fadigimmunoassay) compared te concomitant administration of placebo and 
digoxin, Patients taking digoxin should be monitered appropriately when 
simvastatin is initiated. 

Warfarin Simvastatin therapy appeared tc enhance slightly the 
anticoagulant effect of warfarin (mean changes in prathrombin time less than 
2 seconds) yi normal volunteers maintained in a slate of low therapeutic 
anticoagulation. With other reductase inhibitors, chnically evident bleeding 
and/or increased prothrombin time has been reporles in a few patients taking 
coumarin anticoagulants concomitantly. In such pasents, prothrombin time 
should be determined before starting simvastatin and frequently enough 
during gary therapy to insure that no significant alteration of prothrombin time 
occurs Once a stable prothrombin time has been decumented. prothrombin 
limes can be monitored at the intervals usually recommended for patients on 
coumarin anticoagulants. If the dose of simvastatio is changed. the same 
procedure should be repeated Simvastatin therapy ^as not been associated 
with bleeding or with changes in prothrombin Time in patents not taking 
anticoagulants. 

Other Concomitant Therapy. Although specihc interaction. studies were not 
pertormed, in clinical studies, simvastatin was used concomitantiy with 
angiotensin-converting-enzyme (ACE) inhibitors, bela biockers, calcium channel 
blockers, diuretics. and nonsteroidal anti-inilammatorysdrugs (NSAIDs) without 
evidence of clinically significant adverse interactions. The effect of cholestyramine 
on the absorption and kinetics of simvastatin has not been determined 
Endocrine Function: HMG-CoA reductase invibitors interiere with 
cholesterol synthesis and as such might theoreticaliy blunt adrenai and/or 
gonadal steroid production However. clinical studies have shown that 
simyasiatin does not reduce basal plasma cortisol eoncentration or impair 
adrenal reserve and does not reduce basal plasma tescosterone concentration 
isee CLINICAL PHARMACOLOGY. Clinical Studies in Prescribing 
information). Another HMG-CoA reductase inhibitar has been shown to 
reduce the niasma testosterone response to HCG: the effect of simvastatin on 
HCG- stimulated testosterone secretion has not been siugied 

Results of clinical trials with drugs in this class have Deen inconsistent with 

regard to drug effects on basal and reserve steroid levers. The effects of HMG - 
CoA reductase inhibitors on male fertility have not been studied in adequate 
numbers of male patients. The effects, d any, on the piturtary-gonadal axis in pre- 
menopausal women are unknown: Patents treated with simvastatin who develop 
clinical evidence of endocrine dysfunction should be evaluated appropriately. 
Caution should also be exercised i£ an HMG-CoA reductase inhibitor or other 
agent used to lower cholesterol levels is administered to patients who are also 
receiving other drugs (e g.. ketoconazole. spironolactone, cimetidine) that may 
dectease the levels or activity of endogenous steroid hormones. 
CNS Toxicity: Optic nerve degeneration was seen in zbmically normal dogs 
treated with simvastatin for 14 weeks at 180 mgekg/day. a dose that 
produced mean plasma drug levels about 44 limes nigher than the mean 
drug level in humans taking 40 mg/day 

CNS vascular lesions, characterized by perivascular hemorrhage and 
edema. mononuclear cell infiltration of perivascular spaces. perivascular 
fibrin deposits. and necrosis of smail vessels, were seen in dogs Treated 
with simvastatin at a dose of 360 mg/kg/day. a dose thal produced plasma 
drug levels that were about 50 times figher than the mean drug levels in 
humans taking 40 mg/day. Similar CNS vascula: lesions have been 
observed with several other drugs of this class 

A chemically similar drug in this class also produced optic nerve 

degeneration {Wallerian degeneration of retinogeniculce tibers) imn chmealy 
normai dogs in a dose-dependent fashion starting at @) mg/kg/day, a dose 
that produced mean plasma drug levels about 30 times higher than the 
mean drug level in humans taking the highest recemmended dose (a5 
measured by total enzyme inhibitory activity]. This same drug also produced 
vestibulocochiear Wallerian-like degeneration and :etinal ganglion cell 
chromatolysis in dogs treated for 14 weeks af 180 ma/kg/day. a dose that 
resulted in a mean plasma drug level similar fo shat seen wilh Ihe 
60 mg/kg/day dose. 
Carcinogenesis, Mutagenesis, impairment of Fertility: in à 77 week 
carcinogenicity study, mice were administered daily deses of simvastatin ot 
25. 100. and 400 mg/kg body weight, which resulted ig mean plasma drug 
levels approximately 3, 15, and 33 times higher than the mean human 
plasma drug concentration (as total inhibitory activity: after a 40-mq ora! 
dose. Liver carcinomas were significantly increased ie high-dose females 
and m mid- and high-dose males, with a maximum incidence of 90% in 
males The incidence of adenomas of the liver was sigh#icantly increased in 
mig- and high-dose females. Drug treatment aiso significantly increased the 
incidence of tang adenomas in mid- and high-dose males and females 
Adenomas of the Harderian gland (a gland of the eve of rodents) were 
significantly higher in high-dose mice than in controls. No evidence of a 
tumorigenic effect was observed at 25 mg/kg/day Although mice were given 
up io 500 times the human dose (HD) on a mg/kg bodyweight basis. blood 
leveis of HMG-CoA reductase inhibitory activity were only 3 to 33 times 
higher in mice than in humans given 40 mg of ZOCOR 

in a separate 92-week carcinogenicity study in mice al doses of up to 
25 mg/kg/day. no evidence of a tumorigenic effect was observed. Although 
mice were given up to 31 times the human dose on a mg/kg basis. plasma 
drug levels were only 2 to 4 times higher than in humans given 40 mg 
simvastahn as measured by AUC. 

in a 2-year study in rats, there was a statistically signiticant increase in the 
incidence of thyroid follicular adenomas in Temals rats exposed to 
approximately 45 times higher ievels of simvastatin than humans given 40 mg 
simvastatin (as measured by AUC) Preliminary results from a second Z-yeat 
rat study indicate an increase in the incidence of thyroid and liver tumors in 
male and lemaie rats at doses that produce exposure levels 229 times 
(based on AUC} those achieved in humans at à dosage C 40 mg/day Liver 
tumors are found in rodents with all the chemically similar drugs of this 
class No increased incidence ol tumors was obsesved al doses that 
produce exposure levels 15 umes (based on AUC) those seen in mar 

No evidence of mutagenicity was observed in a microbial mutagen test 
using mulant strains of Salmonella typhimunam wilh or without tat or 
mouse hver metabolic activation. in addition, no evidence of damage tà 
genetic material was noted in an in vifro alkaline elution assay using tat 


hepatocytes, a V- 79 mammalian cell forward mutation study, an in vilro 
chromosome aberration study in CHO cells, or an in vivo chromosomal 
aberratior: assay in mouse bone marrow. 

There was decreased fertility in male rats treated with simvastatin tor 34 weeks 
at 25 mg/kg body weight (15 times the maximum human exposure level, based 
on AUC. in patients receiving 40 mg/day} however, this effect was not observed 
during a subsequent tertility study in which simvastatin was administered at this 
same dose level to male rats ior 11 weeks (the entire cycle of spermatogenesis 
including epididymal maturation). No microscopic changes were observed in the 
testes of rats from either study. At 180 mg/kg/day (which produces exposure 
leveis 44 times higher than those i humans faking 40 mg/day), semiriferous 
tubule degeneration (necrosis and loss of spermatogenic epithelium) was 
observed in dogs, there was drug-related testicular atrophy. decreased 
spermatogenesis, spermatocytic degeneration, and giant cell formation at 
10 mg/kg/day (approximately 7 times the human exposure level. based on AUC. 
at 40 mg/day}. The clinical significance of these findings is unclear. 
Pregnancy: Pregnancy Category X See CONTRAINDICATIONS. 

Satety in pregnant women has not been established. Simvastatin was not 
teratogenic in tats at doses of 25 mg/kg/day of in rabbits al doses of up to 
10 mg/kg daily These doses resulted in 6 times (rat) or 4 times (rabbit) the 
human exposure based on mg/m^ surface area. However, in studies with 
another structurally related HMG-CoA reductase inhibitor, skeletal 
mallormations were observed in rats and mice. Simvastatin should be 
administered to wornen of childbearing potential only when such patients are 
highiy unlikely to conceive and have been informed of the potential hazards. It 
a woman becomes pregnant while faking simvastatin, it should be 
discontinued and the patient should be advised again as to the potential 
hazards to the fetus. 

Nursing Mothers: it is not known whether simvastatin is excreted in 
human milk. Because a smali amount of another drug in this class is 
excreted in human milk and because of the potential for serious adverse 
reachons in nursing infants, women taking simvastatin should not nurse 
their intants (see CONTRAINDICATIONS) 

Pediatric Use: Salety and effectiveness in children and adolescents have 
not been established Because children and adolescents are not likely to 
henelit from cholesterol lowering for at jeast a decade and because 
experience wilh this drug is hmited (no studies in subjects below the age of 
20 years}, treatment of children or adolescents with simvastatin is not 
recommended at this time, 

ADVERSE REACTIONS: in the controlled clinical studies and their open 
extensions (2423 patients wih mean duration ol follow-up of approximately 
18 months). 1 4% of patients were discontinued due to adverse expenences 
attributable to ZOCOR’ (Simvastatin) Adverse reactions have usually been 
mid and transient. ZOCOR has been evaluated for serious adverse reactions 
in more than 21.000 patients and is generally well tolerated 

Clinical Adverse Experiences: Adverse experiences occurring at an 
incidence of 1% or greater in patients treated with ZOCOR. regardiess ot 
causality in contratied clinical studies are shown in the table below 





ZOCOR —— Placebo Cholestyramne Probucol 
(N-1583). (N1571 — (N«179) (N-81j 

Body as a Whole 

Abdominal pam 32% 3236 89% 2 595 

Asthenia 16 25 11 12 
Gastromestinal 

Constipation 23 13 29 1 12 

Diarrhea 18 25 78 af 

Dyspepsia 11 = 45 37 

Fiatulence 19 13 145 62 

Nausea 13 19 101 25 
Nervous Syster/Psychiatric 

Headache 33 51 45 i? 
Respiratory 

Upper respiratory infection 2 1 18 34 52 


The following effects have been reported with drugs in this class 

Skeletal Myopathy, rhabdomyolysis, arthralgias 

Neurological Dystunclion of certain cramat nerves (inciuding alteration 
of taste, :mpairment of extraocular movement, facial paresis). tremor. 
vertigo. memory joss. paresthesia, peripheral neuropathy. peripheral nerve 
palsy. anxiety, insomnia. depression 

Hypersensitivity Reactions: An apparent hypersensitivily syndrome has 
been reported rarely which has included one or more of the fotlowing features 
anaphylaxis, angioedema. lupus erythematous- like syndrome, polymyalgia 
rheumalica, vasculitis, purpura, thrombocytopenia, leukopenia. hemolytic 
anemia, positive ANA, ESR increase, arthritis, arthralgia, urticaria. asthenia, 
photosensitivity. fever, chills, Hushing, malaise, dyspnea. toxic epidermal 
necrolysis, erythema multilorme, meuding Stevens Johnson syndrome 

Gastrointestinal Pancreatitis, hepatitis. including chronic active hepatitis. 
cholestatic jaundice. fatty change in diver, and, rarely, cirrhosis, fulminant 
hepatic necrosis, and hepatoma, anofexia, vomiting 

Skin. Alopecia. 

Reproductive: Gynecomastia, loss of libido, erectie dysfunction. 

Eye Progression of calaracts (lens opacities}. ophtniaimoplegia 

Laboratory Abnormalibes Elevated transaminases, alkaline phosphatase, 
and bilirubin, thyroid function abnormalities 
Laboratory Tests: Marked persistent increases of serum transaminases 
have been noted (see WARNINGS, Liver Dysfunction) About 5% of patients 
had elevations of CPK ievels of 3 or more times the normal value on one ar 
more occasions. This was attributable to the noncardiac fraction of CPK. 
Muscie pain or dystunction usually was not reported (see WARNINGS. 
Skeletal Muscte). 
Concomitant Therapy: in controlled clinical studies in which simvastatim 
was administered concomitantly with cholestyramine, no adverse reactions 
peculiar to this concomitant treatment were observed. The adverse reactions 
that occurred were limited to those reported previously with Simvastatin or 
cholestyramine. The combined use of simvastatin with fibrates should 
generally be avoided (see WARNINGS. Skeletal Muscle). 
OVERDOSAGE: Significant lethality was observed in mice after a single 
oral dose of 9 g/m’ No evidence ol lethality was observed in rats or dogs 
treated with doses of 30 and 100 g/m’. respectively No specific diagnostic 
signs were observed in rodents. Al these doses, the only signs seen in dogs 
were emesis and mucoid stools. 

There have been no cases of clinically significant overdosage with 
ZOCOR in humans. Until further experience 1S 


obtained. no specific treatment of overdosage €» MERCK 


with ZOCOR can be recommended. 





For more detailed information, consult your Merck Representative or 
see Prescribing information, MERCK & CO inc, West Point, PA 19486. 
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all abbreviations in the figure. The cost of color reproduction must 
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the table all abbreviations used. When tabulating numbers of pa- 
tients, use no more than 2 lines, preferably only 1 line, per patient. 
Use a plus sign (+) to indicate "positive" or "present," a zero (0) 
for "negative" or "absent," and dash (—) for "no information 
available" or “not done." Do not use “yes” or “no” or “none.” 
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GENERAL CARDIOLOGY 


*1, Willerson JT, editor, with 8 associate editors 
(Baim DS, Cooley DA, Frazier OH, Grundy SM, Kap- 
lan NM, Packer M, Sweeney MS, Zipes DP). Treatment 
of Heart Diseases. New York: Gower Medical Publish- 
ing, 1992:528, $159.50. 

Colorful and good. 

*2. Loscalzo J, Creager MA, Dzau VJ, editors. Vas- 
cular Medicine. A Textbook of Vascular Biology and 
Diseases. Boston: Little, Brown and Company, 
1992:1211, $165.00, 

Excellent. 

3. Cooke JP, Frohlich ED, editors. Current Manage- 
ment of Hypertensive and Vascular Diseases. St. Louis: 
B.C. Decker (An Imprint of Mosby Year Book), 
1992:380, $79.00. 

Good. 

*4, Kapoor AS, Singh BN, editors. Prognosis and 
Risk Assessment in Cardiovascular Disease. New York: 
Churchill Livingstone, 1993:578, $79.95. 

This book was designed to provide an authoritative 
source of current information for determining prognosis 
in major cardiovascular diseases. It appears to fulfill this 
mission. This is a very good book. 

5. Marriott HJL. Bedside Cardiac Diagnosis. Phila- 
delphia: JB Lippincott Company, 1993:291, $49.95. 

Marriott makes the point in his preface that about 
80% of cardiovascular diagnoses are made by history 
alone, another 1096 require the physical examination, 
and only the remaining 10% are dependent on labora- 
tory investigation. This good book of 40 relatively short 
chapters focuses on physical signs of cardiovascular dis- 
ease. Good reading. 

6. Chesler E. Clinical Cardiology. Fifth Edition. 
New York: Springer-Verlag, 1993:451, $89.00. 

A bedside approach to cardiology. I would vote for 
the Marriott one. 

7. Lilly LS, editor. Pathophysiology of Heart Dis- 
ease. A Collaborative Project of Medical Students and 
Faculty. Philadelphia: Lea & Febiger, 1993:325, $24.50. 
. This book is a collaborative project of 38 Harvard 

Medical Students with faculty. The students, i.e., poten- 
tial consumers, dissatisfied with currently available text- 
books of cardiology, made their needs known. A useful 


.. book, particularly for the price. 


8. Hillis LD, Lange RA, Wells PJ, Winniford MD. 

A Manual of Clinical Problems in Cardiology With Anno- 

> tated Key References. Fourth Edition. Boston: Little, 
Brown and Company, 1992:553, $28.00. 

. A useful book, particularly for house officers and 

.. cardiology fellows, and the price is right. 


LIPIDS AND OTHER RISK FACTORS 
E Frishman WH, editor and coauthor. Medical Man- 


ae MERICAN JOURNAL OF CARDIOLOGY VOLUME 71. 





 Cardiologic Books Published in 1992 


agement of Lipid Disorders: 
Focus on Prevention of Cor- > 
onary Artery Disease. Mount — 
Kisco, NY: Futura Publishing . 
Company, Inc., 1992:328, 
$60.00. 

A very practical book. 

10. Kreisberg RA, Segrest J, 
editors. Plasma Lipoproteins 
amd Coronary Artery Disease. | 
Boston: Blackwell Scientific 
Publications, 1992:390, $74.95. 

Very good. 





11. Thompson GR, Wilson PW. Coronary Risk Fac- 
tors and their Assessment. London: Science Press, 1992: ES 


approximately 150, $60.00. 

A colorful book. I prefer the Frishman one. 

12. Goor R, Goor N. Eater's Choice. A Food Lover's 
Guide to Lower Cholesterol. Third Edition. Boston: 
Houghton Mifflin Company, 1992:571, $12.95. 

This husband and wife team are cholesterol and 
nutrition experts. They have written several "best sell- 
ers" on this subject. I have liked all their books for 
adults (They have also written 7 childrens' books), and 
this one is no exception. 


MEDICAL THERAPY 


13. Ewy GA, Bressler R, editors. Cardiovascular 
Drugs and the Management of Heart Disease. Second 
Edition. New York: Raven Press, 1992:496, $105.00. 

Fine book. 

14, Taylor GJ. Thrombolytic Therapy for Acute My- 
ocardial Infarction. Boston: Blackwell Scientific Pub- 
lications, 1992:240, $24.95. 

The price is right. m 

15. Opie LH. Angiotensin-Converting Enzyme Inhib- 
itors: Scientific Basis for Clinical Use. New York: Wi- P 
ley-Liss, 1992:266, $34.95. = 

Covers this topic well. 


16. Vogel JHK, King SB III, editors. The Practice — 
of Interventional Cardiology, Second Edition. St. Lo 
Mosby Year Book, 1993:718, $95.00. 

Good book. oe 

17. Schwartz RS, editor. Coronary Restenosis. Bos- E 
tor: Blackwell Scientific Publications, 1993:387, $84. 95. E 

‘Good book. 

18. Serruys PW, Strauss BH, King SB III, editors. 
Restenosis after Intervention with New Mechanical De-  . 
vices. Dordrecht: Kluwer Academic Publishers, - 
1992:504, $215.00. "ug 

A comprehensive assessment of restenosis from the 
perspective of new technologies including stenting, 
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cta m , rotational abrasion, and Mens At 42 ¢ cents 
"Ow. page, it 1s hardly worth it. 
> 19. Ginsburg R, Geschwind HJ, editors. Primer on 
Laser Angioplasty, Second Edition. Mount Kisco, NY: 
Futura Publishing Company, Inc., 1992:520, $80.00. 
For those interested in lasers, this is the book to have. 


SYSTEMIC HYPERTENSION 


20. Brunner HR, Waeber B, editors. Ambulatory 
Blood Pressure Recording. New York: Raven Press, 
1992:192, $55.00. 

Non-invasive ambulatory blood pressure recording is 
Teceiving progressively more attention since its begin- 
. ning in about 1975. Over 300 publications on this sub- 
_ ject appeared in 1990. This good small book nicely pre- 
-sents some of the problems and some benefits of ambu- 
latory blood pressure monitoring. 

*2l. Loggie JMH, editor. Pediatric and Adolescent 
Hypertension. Boston: Blackwell Scientific Publications, 
1992:416, $149.95. 

Good. 

22. Martinez-Maldonado M, editor. Hypertension 
and Renal Disease in the Elderly. Boston: Blackwell 
Scientific Publications, 1992:358, $79.95. 

Nice book by outstanding contributors. 

23. Cruickshank JM, Messerli FH. Left Ventricular 
Hypertrophy and its Regression. London: Science Press, 
1992:107, $89.95. 

In color. Not a lot of information. Almost a dollar a 


page! 
CONGENITAL HEART DISEASE 


*24. Freedom RM, Benson LN, Smallhorn JF, edi- 
tors. Neonatal Heart Disease. London: Springer-Verlag, 
1992:881, $180.00. 

This book will probably be the bible for information 
on the newborn with heart disease. Although an edited 
book, one or more of the editors are authors of nearly 
all chapters. 

. 25. Rao PS, editor. Tricuspid Atresia. Second Edi- 
tion. Mount Kisco, NY: Futura Publishing Company, 
Inc., 1992:458, $98.00. 

The first edition appeared just over 10 years ago. I 
like these comprehensive books on a single topic and 
that i is what this one is. 
=: <26. Hess J, Sutherland GR, editors. Congenital Heart 

Disease in Adolescents and Adults. Dordrecht: Kluwer 
Academic Publishers, 1992:201, $100.00. 
There are better ones on this subject. 


ARRHYTHMIAS, ELECTROCARDIOGRAPHY, ELEC- 
TROPHYSIOLOGY, PACING, DEFIBRILLATORS 


*27. Josephson ME, Second Edition. Clinical Car- 
diac Electrophysiology: Techniques and Interpretations. 
Philadelphia: Lea & Febiger, 1993:839, $95.00. 
| A must for students of this field. Josephson wrote 
- every word. Outstanding. 

.. 28. Singer I, Kupersmith J, editors. Clinical Manual 
< of Electrophysiology. Baltimore: Williams & Wilkins, 





1993:453, $60.00. 


Very few illustrations. Josephson a a winner siak 
down. 
29. Wit AL, Janse MJ. The Ventricular Arrhythmias 


of Ischemia and Infarction. Electrophysiological Mech- . E 


anisms. Mount Kisco, NY: Futura Publishing Company, 
Inc., 1993:648, $150.00. 

A fine book BUT the Josephson one is 3796 less 
expensive and contains 23% more pages which are also 
larger. 

30. Seelig CB. Simplified EKG Analysis. A Sequen- 
tial Guide to Interpretation and Diagnosis. Philadel- 
phia: Hanley & Belfus, Inc., 1992:119, $14.95. 

31. Stein E. Rapid Analysis of Electrocardiograms. 
A Self-Study Program. Second Edition. Philadelphia: 
Lea & Febiger, 1992:404, $26.95. 

32. Stein E. Rapid Analysis of Arrhythmias. A Self- 
Study Program. Second Edition. Philadelphia: Lea & 
Febiger, 1992:229, $24.95. 

33. Kingma JH, van Hemel NM, Lie KI, editors. 
Atrial Fibrillation, a Treatable Disease? Dordrecht: 
Kluwer Academic Publishers, 1992:297, $99.00. 

A hot topic. Content per page could have been more. 

34. Luceri RM, editor. Sudden Cardiac Death: Strat- 
egies for the 1990s. Miami Lakes, Florida: Peritus Cor- 
poration, 1992:194, $60.00. 

This book represents a collection of manuscripts con- 
cerning primarily implantable cardioverter-defibrillators 
and both the symposium and this publication are under- 
written by Telectronics Pacing Systems. Not recom- 
mended. 

35. Ellenbogen KA, editor. Cardiac Pacing. Boston: 
Blackwell Scientific Publications, 1992:464, $29.95. 

A very good book for the money. Highly recom- 
mended. 


ECHOCARDIOGRAPHY 


*36. Silverman NH. Pediatric Echocardiography. 
Baltimore: Williams & Wilkins, 1993:628, $140.00. 

Superb book. Loaded with fine illustrations. 

37. Obeid AL Echocardiography in Clinical Prac- 
tice. Philadelphia: JB Lippincott Company, 1992:383, 
$125.00. 

A large book loaded with 2-dimensional, Doppler, 
and transesophageal images. The images should have 
been cropped and then they could have been reproduced 
much larger. Nevertheless, the reproductions are excel- 
lent. A useful book. 

*38. Nanda NC, editor. Doppler Echocardiography. 
Second Edition. Philadelphia: Lea & Febiger, 1993:466, 
$129.00. : 

Beautiful book. Illustrations are splendid. Probably 
the best so far on this subject. 

39. Labovitz AJ, Williams GA. Doppler Echocardi- 
ography. The Quantitative Approach. Third Edition. 
Philadelphia: Lea & Febiger, 1992:131, $29.95. B 

This third edition appears only 5 years after the first — 
edition. It incorporates real-time flow mapping tech- 
niques into the text, The illustrations are superb. a 

40. Oka Y, Goldiner PL, editors. Transesophageal 
Echocardiography. Philadelphia: JB Lippincott Comp: |> 
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ny, 1992:3 : 38, $150.00. 
. Nice book but a good bit of wasted space. Photo- 
¿> graphs i have been cropped. 

— A41 Missi J. Transesophageal Echocardiography. 


© Clinical and Intraoperative Applications. New York: 


Churchill Livingstone, 1993:248, $124.95. 

Good. 

42. Dittrich HC, editor. Clinical Transesophageal 
— Echocardiography. St. Louis: Mosby Year Book, 

. 1992:178, $95.00. 

An edited book with 22 contributors. 

43. Labovitz AJ, Pearson AC. Transesophageal 
Echocardiography: Basic Principles and Clinical Appli- 
cations. Philadelphia: Lea & Febiger, 1993:157, $39.50. 


INTRAVASCULAR ULTRASOUND IMAGING 


44, Tobis JM, Yock PG, editors. /ntravascular Ultra- 
sound Imaging. New York: Churchill Livingstone, 
1992:262, $89.95. 

Probably the best so far on this subject. 

45. Cavaye DM, White RA. Intravascular Ultra- 
sound Imaging. New York: Raven Press, 1993:119, 
$59.00. 

Good but short and relatively expensive. Good repro- 
ductions. 


CARDIAC IMAGING 


46. Jay ME. Plain Film in Heart Disease. Boston: 
Blackwell Scientific Publications, 1992:207, $34.95. 

This book is loaded with chest roentgenograms with 
brief case presentations. The space on the pages is poor- 
ly utilized. The book which is already relatively small 
could have been much smaller. 

47. van der Wall E, Sochor H, Righetti A, Niemey- 
er MG. What's New in Cardiac Imaging? SPECT, PET, 
and MRI. Dordrecht: Kluwer Academic Publishers, 
1992:544, $149.00. 

48. van der Wall EE. Nuclear Cardiology and Cardi- 
ac Magnetic Resonance. Physiology, Techniques and 
Applications. Leiden, The Netherlands: Hans Soto Pro- 
ductions, 1992:285, $115.00. 

49. Wagner M, Lawson TL. Atlas of Chest Imaging. 
. Correlated Anatomy with MRI and CT. New York: Ra- 
ven Press, 1992:134, $80.00. 

The use of abbreviations in titles is not ideal. Over 
half of the pages utilize only a half of the page. The 
book could have been much smaller and that would 
have made it better. The reader is not getting his/her 
. money's worth here. 

: 50. Stanford W, Rumberger JA, editors. Ultrafast 
~ Computed Tomography in Cardiac Imaging: Principles 
-. and Practice. Mount Kisco, NY: Futura Publishing 
. Company, Ine., 1992:351, $80.00. 

^. A useful book. 

-. . #51, Bregmann SR, Sobel BE, editors. Positron 
Emission Tomography of the Heart. Mount Kisco, NY: 
Futura Publishing Company, Inc., 1992:313, $98.00. 
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I suspect that this book is the best one on this sub- 
ject. PRI 


CARDIOVASCULAR SURGERY 


*52. Kirklin JW, Barratt-Boyes BG, with the 
collaboration of Blackstone EH, Jonas RA, Kouchoukos. 
NT. Cardiac Surgery. Morphology, Diagnostic Criteria, 
Natural History, Techniques, Results, and Indications. 
Second Edition. Volumes 1 and 2. New York: Churchill 
Livingstone, 1993:1860, $250.00. 

This book is by far the best on this subject. 

53. Bojar RM. Adult Cardiac Surgery. Boston: 

iackwell Scientific Publications, 1992:562, $99.95. 

This book does not include congenital heart lesions 
except for the congenitally malformed aortic valve, mi- 
tral valve prolapse, hypertrophic cardiomyopathy, and the 
Marfan syndrome seen in adulthood. This book by a sin- 
gle author is both good and useful, but can hardly com- 
pete with the Kirklin-Barratt-Boyes one! 

54. Bharati S, Lev M, Kirklin JW. Cardiac Surgery 
aral the Conduction System. Second Revised Edition. 
Mount Kisco, NY: Futura Publishing Company, Inc., 
1992:159, $75.00. 

This book primarily presents drawings and some 
gross pictures of views of the heart as might be seen at 
operation with delineation of courses of the conduc- 
tion system in various types of congenital anomalies of 
the heart. The text is brief. Much empty space is pre- 
sent on the pages. This book is important because of the 
authors. | 

55. Kotler MN, Alfieri A, editors. Cardiac and Non- 
cardiac Complications of Open Heart Surgery: Preven- 
tion, Diagnosis, and Treatment. Mount Kisco, NY: Fu- 
tura Publishing Company, Inc., 1992:418, $62.00. 

A useful book, interestingly edited by 2 cardiologists. 
Very little emphasis is given to mechanical or anatom- 
ic complications of cardiac surgery. Certainly they are 
not as important in the 1990s as they were in the 1960s 
bu: they remain important. 

56. Engelman RM, Levitsky S, editors. A Textbook 
of Cardioplegia for Difficult Clinical Problems. Mount _ 
Kisco, NY: Futura Publishing Company, Inc., 1992: 334, | 

“As Frank C. Spencer states in the Preface: '*. . . the C 
book is an excellent description of the wide variety of 
methods of cardioplegia used for the most difficult clini- 
cal problems throughout the world. This wide variation 
indicates that no one method has evolved as superior to 
another.” 

57. Kay PH, editor. Techniques in Extracorporeal — 
Circulation, Third Edition. Oxford, UK: Butterworth- 
Heinemann Ltd., 1992:336, $195.00. s 

The first edition of this book appeared 16 years ago, 
and the second edition 11 years ago. Thus, it is time for 
an update and this was nicely accomplished by 45 au- ` 
thors. X 
58. Ross DN, English TAH, McKay R. Principles of E 
Cardiac Diagnosis and Treatment. A Surgeons’ Guide. > 
Second Edition. London: Springer-Verlag, 1992:269, 













129.00. - 

c The first edition appeared in 1962, thirty years earli- 
E er This book is pleasant reading but at nearly 50 cents 
"a page, it's not worth it. 


PERIPHERAL VASCULAR DISEASE 


59. Polak JE Peripheral Vascular Sonography, A 
Practical Guide. Baltimore: Williams & Wilkins, 
1993:364, $78.00. 

Good for this subject. 

60. Dorros G. Peripheral Vascular Interventions 
1992. A Bibliographic Reference Manual. Mount Kisco, 
NY: Futura Publishing Company, Inc., 1992:438, $80.00. 

What it says it is, it is, a bibliography with some 
‘summaries. For those in this field, it may be useful. 

61. Clement DL, Shepherd JT, editors. Vascular Dis- 


eases in the Limbs. Mechanisms and Principles of 


Treatment. St. Louis: Mosby Year Book, 1993:319, 
$79.00. 
Well done. 


MOLECULAR CARDIOLOGY 


*62. Roberts R, editor. Molecular Basis of Cardiolo- 
gy. Boston: Blackwell Scientific Publications, 1993:518, 
$39.95. 

As Eugene Braunwald states in the foreword, Molec- 
ular Basis of Cardiology is the best exposition of this 
new paradigm (the shift in cardiovascular science from 
organ physiology to molecular biology) currently avail- 
able and will be of enormous value to cardiovascular 
scientists, scholarly cardiologists, and to new entrants in 
the field. The publisher provided the book in soft cover 
to keep the price reasonable. 

63. Gotto AM, Jr, editor. Cellular and Molecular Bi- 
ology of Atherosclerosis. London: Springer-Verlag, 
1992:180, $83.00. 

This book represents presentations at the 1991 Prin- 
cess Lillian Symposium, which I attended. The presenta- 
tions were good and their publication is better. 


MISCELLANEOUS 


*64. Katz AM. Physiology of the Heart. Second Edi- 
tion. New York: Raven Press, 1992:687, $55.00. 

- .. The first edition was 1977. Thus, this second one is 
Jong overdue. This second edition is essentially an en- 
tirely new text. 

65. Pashkow FJ, Dafoe WA, editors. Clinical Car- 
diac Rehabilitation: A Cardiologist's Guide. Baltimore: 
Williams & Wilkins, 1993:391, $59.00. 

Good. 

66. Anderson RH, Becker AE. The Heart. Structure 
. in Health and Disease. London: Gower Medical 
. Publishing, 1992:266, $165.00. 

. This book is a consolidation and expansion of their 
. 2 previous books with Gower Medical Publishing, 
. namely Cardiac Anatomy (1980) and Cardiac Patholo- 
[i ay (1983). The pictures are in color. A beautiful book. 














67. Yellon DM, Jennings RB, editors. Myocardial - 
Protection. The Pathophysiology of Reperfusion and 
Reperfusion Injury. New York: Raven Press, 1992:214, 
$99.00. 

This concise book on an important subject will be 
useful. The cost, however, is nearly 50 cents a page. 

68. Fowles RE, editor. Cardiac Biopsy. Mount Kisco, 
NY: Futura Publishing Company, Inc., 1992:211, $47.00. 

For anyone performing or examining biopsies of the 
heart, this is a good book to have. 

69. Kaye D, editor. Infective Endocarditis, Second 
Edition. New York: Raven Press, 1992:497, $85.00. 

This book is a follow-up of Kaye's first edition in 
1976. The first edition emphasized the effects of antibi- 
otics on infective endocarditis. The present edition, a 
considerable expansion from the first, continues to em- 
phasize further changes in the disease including an older 
age of patients, less rheumatic heart disease, less pneu- 
mococcal and gonococcal endocarditis, more staphylo- 
coccal endocarditis, the increasing frequency in intra- 
venous drug abusers, the problems of prosthetic and 
bioprosthetic endocarditis, the usefulness of echocardiog- 
raphy and many management changes. This book is 
highly recommended. 


CARDIOLOGIC ANNUALS 


70. Roberts WC, Willerson JT, Mason DT, Rackley 
CE, Graham TP Jr. Cardiology 1992. Boston: Butter- 
worth-Heinemann, 1992:480, $80.00. 

7]. Schlant RC (editor in chief), Collins JJ Jr, Engle 
MA, Frye RL, Kaplan NM, O' Rourke RA (editors). 
Year Book of Cardiology 1992. St. Louis: Mosby Year 
Book, 1992:441, $59.95. 

The Schlant book, the thirty-second in the series, 
contains summaries and comments on 318 articles plus 
Ill figures and 5 tables. The Roberts book, the twelfth 
in the series, contains summaries of 740 articles plus 116 
figures and 32 tables. The Roberts book provides 58% 
more summaries of articles than does the Schlant book 
on only 8% more pages because each page contains far 
more content. The cost of the Roberts book, however, is 
30% higher than the Schlant book, and it lacks editori- 
al comments from the editors on each article summa- 
rized. 


COMMENTS 


More and more cardiologic books! The first column 
I wrote on cardiologic books summarized those appear- 
ing in 1985 and it briefly discussed 16 books,! and the 
column in 199] described 49 books." The present piece 
discusses 71 books, 53 (75%) of which have a 1992 pub- 
lication date and 18 (25%) of which have a 1993 publi- 
cation date. The books marked with asterisks are those 
which I consider noteworthy either because of extreme- 
ly high quality or uniqueness. e 

The costs of books continue to increase. The prices 
of the 71 books appearing in 1992 ranged from $12.95 | 
to $250.00 (mean $88.39). The numbers of pages in the 4 
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ürosemide in more P Lásix n may not be t receiving ra care pes eed: ‘and 


made false statements and suggestions that Lasix is superior to generic furosemide 
products. 


FDA has concluded that there is inadequate data to substantiate these promotional claims. 


All FDA-approved dosage forms of furosemide oral tablets, including those manufactured by Hoechst- 
- Roussel, are "AB" rated. According to FDA's coding system, products coded “AB” under an ingredient- and 
. dosage-form heading are considered. therapeutically equivalent to other products coded “AB” under that. 
- heading and are considered appropriate for substitution. | 


We appreciate your attention to this important matter. 


Sincerely, 


Vice | President 
Sales and Marketing | 
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The eyes are the first place to 
observe drug abuse. Because 
illegal drugs, even in small 
doses, almost always produce 
eye signs. So perform a 
simple, 1-minute rapid eye 
test to easily identity the 
influence of drugs. Then you 
can look the drug problem 
right in the eye. 


Ld 


Is your patient 
abusing drugs? 
The answer may 
be in her eyes. 


P ai Pm 
T. LH 


n e 


A standard rapid e 


General 
observation 


Pupil size 
Pupil reaction 


Nystagmus 
Convergence 


Corneal reflex 


Redness of sclera; Ptosis; 
Retracted upper lid (walleye or 
bug-eye); white sclera visible 
above iris, causing blank stare 
or exophthalmic appearance; 
Glazing (film over cornea); 
Excessive tearing of one or 
both eyes; Swelling of eyelids 


Dilation; Constriction 


Slow, sluggish, or absent 
response 


Failure to hold gaze; Jerkiness 
of movements 


Inability to track or hold the 
cross-eyed position 


Decreased rate of blinking 


Tennant F. The rapid eye test to detect drug abuse. 
Postgrad Med. 1988;84:109 -114. 


Send for a copy of a journal 
reprint, which details the 
procedures and common eye 
signs of various drugs. 


Name 
Specialty 
Address 
City State__ Zip Code 


PARTNERSHIP FOR A DRUG-FREE AMERICA 
c/o PGM Reprint Manager 

4530 West 77th Street 

Minneapolis, MN 55435 

Fax 612-835-3460 








‘CAREER OPPORTUNITIES 


| CARDIOLOGY INVASIVE 

Foo | M — CARDIOLOGIST | 
| Nine member Cardiology group practice in southeast university city seeks NEEDED 

| BE/BC Cardiologists for the following positions: 










: in beautiful East Texas. Replace two 
| A. Electrophysiologist to direct full-service EP program in dedicated lab. | Car diologists. In addition, there are 
| B. Clinical Cardiologist with special interest in lipid management and/or | | 'Wo Cardiac Surgions in town. 
|. cardiac rehabilitation. Practice out of two, well-equipped 
: € Clinical Cardiologist with interest in a non-interventional practice (duties | | hospitals, one of which is a 300-bed 
|. may include diagnostic catheterization). | | medical center. Amenities include a 
+ D Clinical cardiologist to expand a growing practice at an associated hos- | state rated, championship golf course, 

pital within thirty miles. hunting, fishing, and a mall. Great 
family town with tremendous finan- 
cial potential. $180,000 net income 
guarantee. $20,000 stipend for med- 
ical directorship. Send your CV or 
call: 






| All positions offer competitive salary, early partnership, and excellent 
| benefits package. 







| Send curriculum vitae to: 
i FORT SANDERS HEALTH SYSTEMS 
Linda Porter-Tillman, R.N. 
Director of Practice Development 
280 Fort Sanders West Boulevard « Suite 214 
Knoxville, TN 37922 
(615) 531-5007 









Brett Curtiss 
JACKSON AND COKER, INC. 
115 Perimeter Center Place ~ 
Suite 380 (12656) 

. Atlanta GA 30346 
Telephone 1-800-544-1987 




















| MIDWEST OPPORTUNITY 
| Invasive/Non-Invasive Cardiologist 
| BC/BE, experienced in angioplasty. 
| Nuclear experience or peripheral inter- 
| ventions a plus. Join three established 
| busy BC cardiologists practicing all 
{aspects of Cardiology plus teaching in 

| Kansas City, MO 


Fax CV to 816-444-7585,0r send to: 
ROCKHILL CARDIOLOGY 
GROUP INC. 

Rockhill Medical Plaza North, 
6650 Troost Ave. * Suite 106 
Kansas City, MO 64131 
















m ar i menm NERA TRA eT n i RA RH RAUL RISA MARANA REE REETRAT ia Hee setti 


Dynamic Pittsburgh 4 person Cardiology group seeking 
fifth member. Strong clinical and invasive skills essential. 
TEE experience desirable. Excellent opportunity for growth. 




















Early partner ship and very competitive financial package 
combined with excellent retirement plan. | 





l^ SALEM, OREGON 

| INVASIVE CARDIOLOGIST m D 
Opportunity immediately available | | Very desirable professional opportunity combined with the. 
| for BC/BE invasive cardiologist. To ^ | opportunity for life in one of the country’s most livable 
| join cardiologist in private practice | | cities. x 
] in Salem, OR. Send CV to: 






Mri Aa dm ref paarp eye sud aeg Ip ERI TA SISET | 


















Fax CV to: (412) 469-1531 














J. Devorss, M.D. EFFERSON _or send CV to: — 
1050 Oak St. SE À ARDIOLOGY BUSINESS MANAGER 
Salem, OR 97301 ASSOCIATION PO. Box 18285 





(503) 362-4146 Pittsburgh, PA 15236 






ISPLAY ADS: $100 column inch, 1" minimum. LINE ADS; $10 per line, 5 line minimum. “CALL FOR ATTRACTIVE FREQUENCY AND COMBINATION RATES. EADLIN 
onthi issue, 28th of second month preceding publication. Example, ads for Mayi 1st issue must be received by March 28th. 15th of month issue, 10 

publication, i.e. April 10th for May 15th. FOR ALL INFORMATION PLEASE CALL MARC RENTZER AT 212-468-6538 OR. CA ROLE HARN FF AT 
,* (800 ) 344-7775 * FAX (212) 620-9085 












Cardislogist needed to join maa 
of state-of-the-art 246-bed hospital. 
üful community of 50000 with total ser- 
ice area of 470000 located near mountains, 
iver-ideal place to raise family. Hospital to 
rovide income guarantee; call is 1 in 4. 

























| . Contact Cliff Orme (860) 285-1085 
and send CV to 
390 South Main, Ste. 200 
Bountiful, UT 84010 


HETEL 


CARDIAC 
ELECTROPHYSIOLOGY 
FELLOW 


‘ourth year position available at State 
Iniversity of New York-Health Science 
nter at Brooklyn. One to two years start- 
ng July 1993, Training in all aspects of clin- 
al electrophysiology, cardiac pacing, 
idiofrequency ablation, ICD implantation, 
rrhythmia surgery, and pacemaker implan- 
1. An active research program exists in 
nical and basic electrophysiolog y, 
'andidates must have 3 years Cardiology 
sHlowship. Submit CV to: 
.. Drs. Nabil El-Sherif, Gioia Turitto 
SUNY-HSCB 
Box-1199 
450 Clarkson Avenue 
s Brooklyn, NY 11203 
.CH8)270-1568 + Fax: (718) 270-2917 
















































A PENNSYLVANIA __ 
ELECTROPHYSIOLOGY 
'ellowship position available in university- 
liated suburban teaching hospital begin- 
in Ay k 1993; | year wiih oe or 


'utic techniques of arrhythmia management 
ding approved/investigational antiar- 
mie drug therapy, radiofrequency catheter 

arrhythmia surgery, permanent 


Pe ein CFL poii Ltd. 

( ancaster Avenue, Rin 2202 MSB 
d Wynnewood, PA 19096 

o IS) 648. 2682 — 7 





| seeking a BE/BC Clinical Cardiologist/Nuclear Cardiologist to join its 7 member Cardiology Department. 
| Ideal candidate should have excelent clinical cardiology and nuclear cardiology skills. Practice would 
| be a mix of nuclear cardiology arid clinical cardiology with cardiac catheterization interest optional. 







NON-I^ VASIVE CARDIOLOGIST 

PHOENIX, ARIZONA - T 
NORTH PHOENIX HEART CENTER, a progressive, well established 4 
physician group in Phoenix, Arizona, is seeking a BC/BE Non-Invasive | 
Cardiologist to complement their busy private practice. Affiliated with (4) | 
major Valley hospitals, the center provides excellent working conditions at | 
its (3) office locations in the Phoenix-metro area. Enjoy fantastic south- | 
western living year round and a competitive salary/benefit package: Please 
send CV to: 


NORTH PHOENIX HEART CENTER 
9327 N. Third Street, Suite 300 
Phoenix, Arizona 85020 













Medical Center 
CARDIOLOGIST WITH NUCLEAR CARDIOLOGY TRAINING 


Dean Medical Center, à 220 physician multispecialty group located in Madison, Wisconsin, is actively 





Madison is the state capital of Wisconsin with a metro area of over 300,000 and the home of the 
University of Wisconsin with enrollment of over 43000 students, Excellent compensation and bene- | .. 
fits pr ovided with full time employment leading to shareholder status in 2 years. For more informa- |... 
| tion contact:Scott M. Lindblom DEAN MEDICAL CENTER 1313 Fish Hatchery Road, Madison, | > 
| Wisconsin work: (608; 230-3151 er home: (608) 276-8989 


i An equal per rtunity employer 
| 
p—— MERE 


DALLAS 
CARDIOLOGIST 


Expanding, successful, ID person cardiology practice seeks invasive/non-- 
invasive cardiologists for outstanding opportunities at desirable suburban. 
Dallas hospitals. Attractive salary/benefits package. Join the Southwest's 
premier cardiology group. 





Reply with CV to: Practice Manager 


712 N. Washington, 4300 
(ba: Cardiology Dallas, TX 75246 


Consultants FAX (214) 824-4943 


CHIEFS/DEPT. HEADS /DIRECTORS/FACULTY 





CARDIOLOGY 


Assistant/Associate Professor 















Department of Pediatrics of St. Louis University is recruiting a Pediatric Cardiologist |. 
with board certification im Pediatrics and cer tification/eligibility i in Pediatric. 
Cardiology. Applicants should have training, interest, and experience in a subdis-- 
cipline of cardiology. experience in Echocardiography is desirable. Send CV to: - 


Patricia L. Monteleone, MD 

CARDINAL GLENNON CHILDREN'S HOSPITAL 
1465 South Grand Boulevard * St. Louis, MO 63104-1095 

M/F/V/H. EEO Employer: Minorities and Women encouraged to apply. 













"NON-INVASIVE 
. AND INVASIVE CARDIOLOGY 
PICTURESQUE TENNESSEE 


_| This is a unique opportunity to combine private practice with 
.|amulti-specialty group and teaching through the University of 
.| Tennessee-Chattanooga. You determine how much of each youd 
| like to do. 













|| You Il become affiliated with a 8ll-bed teaching hospital rec- | 
- | ognized as one of America’s model hospitals. A generous salary 


[and benefits package including interview and relocation expenses. | 
-| compliments this rare opportunity. | 


In your spare time, you and your family can enjoy a variety of 
| Sporting, outdoors and cultural activities in this family-oriented 
| community. 


For more information, please call Noreen Messman at: 


MASTERSONeGABLE & CO. 


300 N.W. 82nd. Avenue, Suite 411 
Fort Lauderdale, FL 33324 
(305) 452-7630 * (BOO) 333-5430 


The Perfect 


MA Nies 






: A respected and recognized clinic.. .a town of tradi- 
- tional values... The Monroe Clinic/Monroe, Wl...a 
PERFECT MATCH 
















| MONROECLINIC MONROE, WI 
| * Multi-specialty clinic with a staff of 504 * Family-oriented community with strong emphasis on 
| physicians, established in 1939 ucation 
. |. * Good call schedules * Beautiful area - lush, rolling hills and endless 
-4 * New facility scheduled for occupancy in Fall '93 recreational opportunities 
| * Full benefit package including 25 days vacation/ e Easy access to Big Ten and Professional Sports—forty 
CME time off minutes to Madison, two hours to Milwaukee 


| * No buy-in costs or office management hassles and Chicago 










]^ -We currently seek BC/BE candidates in: INVASIVE & NON-INVASIVE CARDIOLOGY 


173-bed hospital has modern cath lab. Full range of nuclear 
cardiology. 

If you desire the "PERFECT MATCH" call or send your C.V. to Lee 
Fivenson, Physician Staffing Specialist, THE MONROE CLINIC, 
1515 Tenth St, alins Wi 53566, 1-800-373-2564. 


The Monroe Clinic 


LANSING, MI 


i] -Invasive/NonInvasive cardiologist needed for 
.] July 1993 opening, for Lansing Michigan area. 
_| Attractive salary benefits package and part- 
.| nership opportunity. Send resume to: 


| CARDIOLOGY CONSULTANTS, PC. 
a 5848 Executive Drive 
Lansing, MI 48911 



















CAREER CHANGE 
OPPORTUNITIES 
in the Pharmaceutical Industry. We have assign- 
ments for experienced board certified/eligible 
physicians. Send your CV to Bruce Rogers Co., 
Management Consuitants, 20 Main Street, Port 
. Washington, NY HOSO (516)883-1058. 


| cialty clinic in Billings, Montana. 10 





Non-Invasive/Invasive. Associati 
3 cardiologists in lake/resort area 
hrs. north of San Francisco. 


“COLUMBIA UNT ERSIT 
CARDIOLOGISTS 
Invasive Cardiologist 
Nuclear Cardiologist 
Echocardiographer 




















Harlem Hospital Center, a major affiliate of 
Columbia University seeks BC/BE Cardio 
ogists. Responsibilities include patient care, 
teaching and research. Opportunity for aca 
demically oriented clinicians in invasive and 
nuclear cardiology and advanced echocar- 
diography. Academic rank commensurate 
with experience. Send CV to: s 

Jay Brown, MD 
Chief, Division of Cardiology 
Dept. of Medicine à 
HARLEM HOSPITAL CENTER ` 
506 Lenox Avenue, MLK 14101 

NY, NY 10037 


Columbia University takes affirmative action to ensure equal opportunit 


CARDIOLOGY | 
BE/BC Invasive Cardiologist sought to joi 
busy clinical practice in five physician 
department at a major regional multispe- 


physician group includes all specialties and. 
is adjacent to an outstanding tertiary c 
referral hospital. Excellent professioni 
opportunity for a top notch physician seek 
ing a challenging practice in a geographi 
area which offers unlimited recreationa 
potential. Those interested send CV to: 


Ann B. Oglesby, M.D., M.B.A. 
Medical Director 
BILLINGS CLINIC 
PO. Box 35100 
Billings, Montana 59107-5100 














































Need More Classified 

Information? —__ 
Call Carole Harnof 
212-463-6487 © 800-344-7775 













CALIFORNIA (Northern) 


Call Anders. Karlman | » 
. (800) 634-3561 e 



























CARDIOLOGISTS - 
Three Cardiologists. are needed to join 
CARLE CLINIC. ASSOCIATION, two] 
invasive with angioplasty experience and | 
one non-invasive to join seven cardiologists. |: +. 
Full array of cardiology services and estab- | =- 
lished surgical program. Academic posi- |. 
tions available at the University of Illinois. |. 
Benefits include competitive salary with | |. 
partnership and income sharing plan after | = 
two years; professional liability, health, life 
and disability insurance, and generous vaca- 
tion and meeting time, 

Send C. V. to: 
Robert C. Parker, Jr, M.D. 
Medical Director 
CARLE CLINIC ASSOCIATION 
602 West University « Urbana, IL 61801 

FAX 217-383-3163 

Call collect 217-383-3399 






FLORIDA 


ery busy BC non-invasive cardiologist is seek- 
ig a BC/BE invasive/non-invasive cardiologist 
) begin immediately. The practice is located in 
Winter Haven, Florida. A rapidly growing com- 
munity midway between Tampa and Orlando. 
ie community supports a 600 bed hospital with 
a full array of cardiology services. 




























































Please send replies to: 





CARDIOLOGIST 


Actively recruiting BE/BC Cardiologist 
for solo or partnership opportunities in 
Western New York, Eastern Ohio and 
Northwestern Pennsylvania. Non- 
Invasive. Competitive compensation 
and benefit package. Ample coverage. | .- 
Safe, clean environment in family ori- | ` 
ented communities. | 

Send CV or contact: 


WINTER HAVEN CARDIOLOGY 
350 First St. North 
Winter Haven, Florida 33881 





Perg eei Healthcare Classified... Phylliss Gibson 

| | : E GREAT LAKES 
INVASIVE/NONINVASIVE | Nobody does it better HEALTH NETWORK 
POSITION AVAILABLE than Cahners 104 East 2nd Street + Erie, PA 16507 


| (800) 937-9133, extension 7047 
for BE/BC cardiologist to join 
Iti-specialty clinics located in 
'th and northwest suburbs of 





CARDIOLOGIST BE/BC, OREGON 


The Portland Cardiovascular Institute is seeking a BE/BC i DARNE non-interventional cardiol- | 
ogist for expanding 4 physician cardiovascular group. Excellent opportunity to join established | = 
comprehensive cardiac program, including cath, PTCA, atherectomy, pacemakers, TEE, stress |... 
echo, nuclear and preventive cardiology, The Northwest offers the outdoor enthusiast unparal- | — 
leled experiences. Please send your CV. to a. 


CARDIOLOGY ASSOCIATES 
Attn: MLL. Davis 
10000 SE Main « Suite 201 » Portland, OR 97216 


or call 503-251-6310 












Excellent starting salary and 
f ringe benefits. Please reply with 


Jose Kogan, M.D. 
4801 Church St. 
Skokie, IL 60077 


















NORTH CAROLINA 2t 
Board Certified or Board Eligible Invasive Cardiol- {o 
ogist. PTCA Fellowship year desired, Opportunity | 
to join a hospital-based cardiology practice affili- | 
ated with Duke University Medical Center. Practice } 
at a 457-bed hospital with a growing cardiology |. 
program to include open heart, a new CCU and | 
expanding cardiac rehabilitation program. Commun- d 
ity of over 100000 and service area of nearly | 
175000, in the Piedmont of North Carolina. Excel- 
lent income and benefits and clinical research pos- | 
sible. Send CV to: T 
Medical Staff Development A 
CABARRUS MEMORIAL HOSPITAL 4 
920 Church Street North 
Concord, NC 28025 
AN EQUAL OPPORTUNITY EMPLOYER . 


UPPER MIDWEST 
CARDIOLOGIST 


Invasive, Noninvasive or EP - to join busy CD 
group in Upper Midwest city ef 700000. 
Excellent diagnostic facilities, great lifestyle loca- 
tion with strong economy. Opportunity for aca- 
demic appointment and teaching. Excellent com- 
pensation with salary plus production bonus first 
year. Send CV to Greg Peterson. 


THE PETERSON GROUP INC. 
8700 Monrovia + Suite 208 
Shawnee Mission, KS 66215 

Tel: 800-669-4804 
Fax: 913-599-6776 






































.ELECTROPHYSIOLOGIST 
ynanic practice in medically-sophisticated Midwest 
S team of 5 cardiologists and 1 electrophisiologist 
omprehensive cardiology services to a drawing 

0000. 100% EP. open second EP lab. Competi- 
ry, y, benefits; and partnership potential. Academic 
available: oe a with h good 


























as 


"1800.833.0525" 













PEDIATRIC 
CARDIOLOGIST 


A Pediatric Cardiologist in South 
Florida seeks an individual to join 
his non-invasive practice serving 
the needs of a rapidly growing 
area. 


Applicants must be Board certi- 
fied or eligible in Pediatric 
Cardiology. 


f South Florida offers an excellent 

g standard ofliving, year-round sun- 

| shine, sparkling beaches, first 

. class dining, and a wealth 
of cultural and recreational 
opportunities. 


For confidential consideration, 
please send your resume and let- 
ter of interest to: 


NAS CONFIDENTIAL REPLY 
SERVICE 
1FT27/AJC 
1001 N.W. 62 Street 
Suite 310 
Ft. Lauderdale, FL 33309 





CARDIOLOGY 


BE/BC Electrophysiologist/Cardiologist 
. | sought to join busy clinical practice in five 
` | physician department at a major regional 
— | multi-specialty clinic in Billings, Montana. 

| 100 physician group includes all specialties 
and is adjacent to an outstanding tertiary 
care referral hospital. Excellent professional 
opportunity for a top notch physician seek- 
" | ing a challenging practice in a geographic 
| [area which offers unlimited recreational 
| potential. Those interested send CV to: 


Ann B. Oglesby, M.D., M.B.A. 
Medical Director 
BILLINGS CLINIC 

PQ. Box 35100 
Billings, Montana 59107-5100 


MONTANA 
Practice opportunity for 
BC/BE 
Invasive Cardiologist 

For details call: 
J. Shaw 
406-727-8780 
. Great Falls, Montana 











ediatric 
Cardiologist 


Dartmouth-Hitchcock Medical Center seeks full- 
time pediatric cardiologist in Lebanon to join 
active, growing regional 5-person joint DHMC- 
University of Vermont pediatric cardiology 
program. 


* Well-established patient population 

* Extensive outreach program 

* Extensive echocardiography caseload 

* Active cardiac catheterization program 

* Academic commitments include research and 
teaching of students, residents and adult 
cardiology fellows 

* Association with existing active regional 
perinatal and pediatric intensive care programs 

* Opportunity to expand pediatric 
electrophysiology 


Submit CV to: Michael Flanagan, MD, 
Dartmouth-Hitchcock Medical Center, One 
Medical Center Drive, Lebanon, NH 03756. 
(603) 650-8658. Equal opportunity/affirmative 
action employer. 























Dartmouth-Hitchcock 
Medical Center 

The Hitchcock Clinic 
Lebanon, New Hampshire 


faccrc 









P. 
dta 









A BUSY CARDIOLOGY 
GROUP PRACTICE 
located in central New Jersey for inva- 
sive and non invasive cardiology must 
be board certified in internal medicine 
with special emphasis in nuclear car- 

diology. 








Reply Box 1283 
The American Journal of Cardiology 
249 West 17th Street e NY NY 10011 




















Need More Classified 
Information? 
Call Marc Rentzer 


212-463-6487 « 800-344-7775 
















FLORIDA 
INVASIVE/NON-INVASIVE 
CARDIOLOGIST 
Excellent opportunities available for BC/BE cardi- 
ologists to join successful, well-established private 
practices, Ideally situated in affluent and rapidly 
growing communities surrounding beautiful Ft. 
Lauderdale. Salary, incentives and excellent benefit 
package. Partnership opportunities. Send CV to: 

NORTH BROWARD HOSPITAL DISTRICT 
Physician Recruitment 

















303 SE. 17th Street + Ft. Lauderdale, FL. 33316 |. 


HEART CENTER _ 


Cardiologist, BC/BE, desired for consultative 
practice in delightful Minnesota community 
of 90000 with referral base of 250000. 
Personable, energetic person desired as sixtk 
cardiologist in a 3l-person Internal Medicine, 
Internal. Medicine Subspecialty Clinic 
Community has three colleges, excellent 
school system and abundant recreational activ- 
ities. Rare opportunity to practice high-qual- 
ity cardiology in a beautiful environment with 
excellent financial compensation and lifestyle 
benefits. Please contact: | 

John Mahowald, M.D. (or) 
Mark J. Murphy, Administrator 
THE ST. CLOUD CLINIC | 
OF INTERNAL MEDICINE, LTD. | 
1200 Sixth Avenue North : 
St. Cloud, MN 56303 

(612) 252-5131 










































ALABAMA 
CARDIOLOGIST 


Immediate opportunity for BC/BE in 
| cardiovascular disease to join a 4-physi- 
cian invasive and clinical cardiology. 
| group in a large southeastern city. — 
Reply to: | 


SOUTHERN CARDIOLOGY, PC 
2022 Brookwood Medical Center 

Drive Suite 510 | 

Birmingham, Alabama 35209 


































LAKE MICHIGAN _ 
CARDIOLOGIST 
Position available for Board Certified/Board 
Eligible Cardiologist to join a non-invasive | 
cardiologist in a 50+ physician multi-specialt 
Clinic. Located on lake Michigan one hour’ 
north of Milwaukee in city of 50,000 with: 
drawing area of 100000+. Excellent benefit. 
package including relocation expenses, 
Contact: 
James Gularek, Administrator 
THE SHEBOYGAN CLINIC 
2414 Kohler Memorial Drive 
Sheboygan, WI 53081 
414-457-4461 


WEST 
Position available-Beginning July. 
1993, Recruiting for a non-invasii 
Cardiologist. Santa Cruz Medical CI. 
is a multi-specialty group located 
Monterey Bay, 90 miles south of ; 
Francisco. Send CV to: 

























President/CEO | 









































-ARDIOLOG DIRECTOR OF CARDIAC 

Division Director REHABILITATION SERVICES 
Department of Pediatrics | EL 
St. Louis University School of| | The Department of Internal Medicine, Division of Cardiology. 


Medicine is recruiting a Pediatric | | at The Ohio State University Hospitals is seeking a Board E 
Cardiologist with Board cerüfica-| | Certified Cardiologist at the Associate Professor level to direct | - 

n in Pediatrics and certification PL ME e d EC e dur 
in Pediatric Cardiology to direct our | | & Major expansion of the existing cardiac rehabilitation program. | 
Cardiology Division. The candidate | | A challenging opportunity exists with 28 other faculty mem- | - 
v d ee —€———— bers in a very active division with strong clinical and research | - 
clinical, teaching and researc : , Lue Ep d M LE e " SA 
skills. We are currently opening a programs. The Ohio State University 1s an Equal Opportunity/ 
new cardiac cath laboratory and a Affirmative Action Employer. Qualified women, minorities, 
new ambulatory care center. Send Vietnam-era Veterans, disabled veterans, and individuals with 
| disabilities are encouraged to apply. 






. Patricia Monteleone, M.D. 

-CARDINAL GLENNON Contact: Carl V. Leier, M.D, Division of Cardiology 
'HILDREN'S HOSPITAL! | THE OHIO STATE UNIVERSITY HOSPITALS 
. 1465 South Grand Boulevard NW uae 

St. Louis, MO 63104-1095 1654 Upham Drive, Columbus, Ohio 43210 
.. M/F/V/H. EEO Employer. (614) 293-8963 


"FACULTY. ASSISTANT PROFESSOR FOR i 
ven ECHOCARDIOGRAPHY LABORATORIES || 






The Department of Internal Medicine, Division of Cardiology at The 
Ohio State University Hospitals is seeking a Board Certified 
Cardiologist at the Assistant Professor level for the Echocardiography 
laboratories. The Ohio State University is an Equal Opportunity/ 
Affirmative Action Employer. Qualified women, minorities, Vietnam- 
era Veterans, disabled veterans and individuals with disabilities are 
encouraged to apply. 


| Iniversity Cardiology Group Practice in 
upper New York State seeks BE/BC Cardi- 
ologists for the following positions: 


XLECTROPHYSIOLOGIST: Full-time fac- 
ty position as assistant Director for rapidly 
owing Electrophysiology program. Must be 

rience in AICD, RF Ablation. VT Map- 
ng, and PPM Insertion. Includes Clinical 
esearch and Teaching. 


ONINVASIVE CARDIOLOGIST: Full- 
ne faculty position at Assistant or Associate 
rofessor level. Emphasis on ECHO; excel- 
opportunity for research as well as teach- 
ig and practice. 


4TH YEAR FELLOWSHIP OPPORTU- 
NITIES: The selected candidates must be 
-BC/BE in Cardiology and have completed a 
‘three year Cardiology Fellowship Program to 
‘be eligible for the following fourth year fel- 
Aowships: 
€LECTROPHYSIOLOGY: One year fel- 
dowship with training in clinical research, 
AICD, RF Ablation, VT Mapping, and PPM 
ion. May extend to two years. 
SIVE: One year fellowship with train- 
n angioplasty and advanced catheteriza- 
-skills. Candidate will also be involved in 
rventional research and teaching, 
SEARCH: One year fellowship with train- 
in advanced Cardiology research. 


. Contact: TL. Biddle, M.D. 
«€ " Head, Division of Cardiology 
d ALBANY MEDICAL COLLEGE 















































Contact: Carl V. Leier, M.D, Division of Cardiology 


THE OHIO STATE UNIVERSITY HOSPITALS - 
1654 Upham Drive, Columbus, Ohio, 43210 
(614) 293-8963 























THE UNIVERSITY OF MISSOURI-COLUMBIA m 
Department of Child Health/Pediatrics is seeking a pediatric cardiologist at the Associate | E 
Professor/Professor level. The position includes responsibilities in medical student | 
and housestaff teaching, direct patient care, and research activities. Experience in inva- . s 
sive EPS, and preventive cardiology. Academic appointment : and salary will be com- m 
petitively commensurate with qualifications and experience. MD degree and Board | 


certification is necessary. Submit application and curriculum vitae to: 


Drs Zuhdi Lababidi or William Altemeier 
Dept. of Child Health/Pediatrics 
UNIVERSITY OF MISSOURI HEALTH SCIENCE CENTER 
One Hospital Dr. e Columbia, MO 65212 


The University of Missouri is an Equal Opportunity Employer. 
Female: and minorities are especially encouraged to apply. 

































Pros 


. William W. Miller, MD, Editor 


-+ A new quarterly journal offering comprehensive exposition of 
important issues in clinical and investigative pediatric 
cardiovascular medicine. 


* Each issue concentrates on a single topic, providing focused, 
exhaustive coverage of the subject. 


, individual issues feature internationally known guest editors 
with expertise particular to the issue topic. 


* À prominent Editorial Board comprised of U.S. and 


international specialists ensures a broad spectrum of high 
quality articles. 


MEDICAL PUBLISHING INC. 


ISSN: 1058-9813 
Scheduled topics: 


Pediatric Heart and Lung Transplantation 

William W. Miller, MD 

Ebstein Malformation 

Robert H. Feldt, MD 

Cardiovascular Exercise Testing and Pathophysiology 
in Children 

Samuel Kaplan, MD and David J. Driscoll, MD 
Aortic Obstructions In Infants and Toddlers 
Thomas P. Graham, Jr, MD and Harvey Bender, MD 
Aortic Stenosis 

Samuel Kaplan, MD 


North America: individuals $90.00; institutions $125.00 
Overseas: individuals $120.00; institutions $140.00 


Andover Medical is an imprint of Butterworth-Heinemann, 80 Montvale Avenue, Stoneham, MA 02180 


Subscribe toll-free 1-800-366-2665 or 81 7-438-8464, 


27 Paul Street 


Jour mal 


Telex: 914911 


Fax:1-44 1 839-6626 
Managing Dir. -Europe 


E. D. Reuteler 


United Kingdom, Benelux 


Stuart Smith 
Tracey Lehane 


Scandinavia 
Martin Sutcliffe 


Italy, France, Spain 


Alasdair Melville 


Switzerland, Germany Austria, E. Europe 


Uwe Kretzchmar 


INTERNATIONAL 
Cahners Publishing Company 


London, EC2A, 4JU, England 
Tel: 1-44 1 628-7030 


JAPAN 
Kaoru Hara—03-366-8301- 
Dynaco International, Inc. — 
Suite 1003, Sun-Palace Sue. 
8-12-1 Nishishinjuku Shinjuku- ku 
Tokyo 160, Japan 
Fax: 03 366-8302 


Production Manager: 
Marty Schlessel 
Telephone: 212-463-6546 


Reprints Manager 

Herbert V. Paureiss, Jr. 
Telephone: 212-463-6437 
Fax New York Office: 212-463-6470 


Director of Art Department: 
Barrie Stern 


Contracts Coordinator: 
Luz Mejia 


CAHNERS PUBLISHING COMPANY 
249 W.17th St. N.Y., N.Y. 10011 





mo T A27-A28 
wor ROB. 4 EE BE 4204, Euh, 9 o9 R SR. 9 9» 4 * bk * * * * à 5 & 


seres nd Cover-A1-A2, A25 . 
ee eee ee Ue ac aii. di 


ul possible care is taken in the preparation of this index. j 





Lopressor* 
metoprolol tartrate USP 


Tabiets 
Ampuis 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 

' Hypertension 

Lopressor tablets are indicated for the treatment of hyperten- 
sion. They may be used alone or in combination with other 
antihypertensive agents. 

Angina Pectoris | l 
Lopressor is indicated in the long-term treatment of angina 
pectoris. 

Myocardial Infarction 

Lopressor ampuis and tablets are indicated in the treatment of 
Sem duram aor stable patients with definite or suspected 
acute myocardiai infarction to reduce cardiovascular mortality 
Treatment with intravenous Lopressor can be initiated as soon 
as the patient's clinical condition allows (see DOSAGE AND 
ADMINISTRATION, CONTRAINDICATIONS, and WARNINGS). 
Alternatively, treatment can begin within 3 to 10 days of the 
acute event (see DOSAGE AND ADMINISTRATION). 


CONTRAINDICATIONS 

Hypertension and Angina 

Lopressor is contraindicated in sinus bradycardia, heart biock 
yer than first delen. cardiogenic shock, and overt cardiac 
ailure (see WARNINGS). 

Myocardial infarction 

Lopressor is contraindicated in patients with a heart rate « 45 
beats/min; second- and third-degree heart block; significant 
first-degree heart block {P-R interval = 0.24 sec); systolic 
blood pressure « 100 mmHg; or moderate-to-severe cardiac 
failure (see WARNINGS). 


WARNINGS 
Hypertension and Angina 
Cardiac Failure: Sympathetic stimulation is a vital component 
supporting circulatory function in congestive heart failure, and 
beta blockade carries the potential hazard of further depressing 
myocardial contractility and precipitating more severe failure. 
in hypertensive and angina patients who have congestive heart 
failure controlled by digitalis and diuretics, Lopressor should 
be administered cautiously. Both digitalis and Lopressor slow 
AV conduction. f 

in Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-blocking agents over 
a period of time can, in some cases, lead to cardiac failure. At 
the first sign or symptom of impending cardiac failure, patients 
should be fully digitalized and/or given a diuretic. The response 
should be observed closely. if cardiac failure continues, de- 
spe adequate digitalization and diuretic therapy. Lopressor 
shouid be withdrawn. 


Ischemic Heart Disease: Following abrupt cessation of 
therapy with certain beta-biocking agents, exacerbations 
of angina pectoris and, in some cases, myocardial infarc- 
tion have occurred. When discontinuing chronically 
administered Lopressor, particularly in patients with isch- 
emic heart disease, the dosage should be gradually 
reduced over a period of 1-2 weeks and the patient should 
be carefully monitored. If angina markedly worsens or 
acute poronary insufficiency develops, Lopressor admin- 
istration should be reinstated promptly, at least tem- 
porarily, and other measures appropriate for the manage- 
ment of unstable angina should be taken. Patients should 
be warned against interruption or discontinuation of 
therapy without the physician's advice. Because coronary 
artery disease is common and may be unrecognized. it 
may be prudent not to discontinue Lopressor therapy 
abruptly even in patients treated only for hypertension. 


Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
however, Lopressor may be used with caution in patients with 
bronchospastic disease who do not respond to, or cannot 
tolerate, other antihypertensive treatment. Since beta, 
APP is not absolute, a beta, stimulating agent should 
be administered concomitantly, and the lowest possible dose 
of Lopressor shouid be used. in these circumstances it would 
be prudent eT to administer Lopressor in smaller doses 
three times daily, instead of larger doses two times daily, to 
avoid the higher plasma levels associated with the longer 
dosing interval. {See DOSAGE AND ADMINISTRATION.) 

Major Surgery: The necessity or desirability of withdrawing 
beta-biocking therapy prior to major surgery is controversia; 
the impaired ability of the heart to respond to reflex adrenergic 
stimuli may augment the risks of general anesthesia and sur- 
gical procedures. — 

Lopressor, like other beta blockers, is a competitive inhibitor 
0f beta-receptor agonists, and its effects can be reversed by 
administration of such agents, e.g., dobutamine or iso- 
proterenol. However, such patients may be subject to 
protracted severe hypotension. Difficulty in restarting and 
al eae the heart beat has aiso been reported with beta 

ockers. 

Diabetes and porre. Lopressor should be used 
with caution in diabetic patients if a beta-blocking agent is 
required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and 
sweating may not be significantly affected. 

Thyroloxicosis: Beta-adrenergic blockade may mask certain 
clinical signs (e.g.. tachycardia) of hyperthyroidism. Patients 
suspected of developing thyrotoxicosis should be managed 
carefully to avoid abrupt withdrawal of beta blockade. which 
might precipitate a thyroid storm. 

Myocardial Infarction | 

Cardiac Failure: Sympathetic stimulation is a vital component 
supporting circulatory function, and beta blockade carries the 
potential hazard of depressing myocardial contractility and pre- 
cipitating or exacerbating minimal cardiac failure. 

During treatment with Lopressor, the hemodynamic status of 
the patient should be carefully monitored. tf heart failure oc- 
curs or persists despite appropriate treatment, Lopressor 
should be discontinued. 



















Bradycardia: Lopressor produces a decrease in sinus heart 
rate in most patients; this decrease is greatest among patients 
with high initial heart rates and least among patients with low 
initial heart rates. Acute myocardial infarction (particularty in- 
ferior infarction) may in itself produce significant lowering of 
the sinus rate. If the sinus rate decreases to < 40 beats/min, 
particularly if associated with evidence of lowered cardiac out- 
put, atropine (0.25-0.5 mg} should be administered 
intravenously. If treatment with atropine is not successtul, 
Lopressor should be discontinued. and cautious administration 
of isoproterenol or installation of a cardiac pacemaker should 
be considered. 

_ AV Block: Lopressor slows AV conduction and may produce 
significant first- {P-R interval =0.26 sec), second-. or third- 
degree heart block. Acute myocardial infarction aiso produces 
heart block. 

if heart block occurs, Lopressor should be discontinued and 
atropine (0.25-0.5 mg) should be administered intravenously. 
If treatment with atropine is not successful, cautious adminis- 
tration of isoproterenol or installation of a cardiac pacemaker 
should be considered. 

olla if hypotension (systolic blood pressure - 90 
mmHg) occurs, Lopressor should be discontinued, and the 
hemodynamic status of the patient and the extent of myocardial 
damage carefully assessed. invasive monitoring of central ven- 
ous, pulmonary capillary wedge, and arterial pressures may be 
required. nppronr ae therapy with fluids, positive inotropic 
agents, balloon counterpuisation, or other treatment modalities 
should be instituted. if hypotension is associated with sinus 
bradycardia or AV block, treatment should be directed at re- 
versing these (see above). 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
Lopressor n be used with extreme caution in patients with 
bronchospastic disease. Because it is unknown to what ex- 
tent beta,-stimulating agents may exacerbate myocardial 
ischemia and tha extent of infarction, these agents should 
not be used prophylactically. if bronchospasm not related to 
congestive heart failure occurs, Lopressor should be discon- 
tinued. A theophylline derivative or a beta, ipne may be 
administered cautiously, depending on the clinical condition 
of the patient. Both theophylline derivatives and beta, agon- 
ists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General 

Lopressor should be used with caution in patients with im- 
paired hepatic function. 

Information for Patients 

Patients should be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following meals. 
if a dose should be missed, the patient should take only the 
next scheduled dose (without doubling it), Patients should not 
discontinue Lopressor without consulting the physician, 

Patients should be advised (1) to avoid operating auto- 
mobiles and machinery or engaging in other tasks requiring 
alertness until the patient's response to therapy with Lopressor 
has been determined: (2) to contact the physician if any difti- 
culty in breathing occurs; (3) to inform the physician or dentist 
before any type of surgery that he or she is taking Lopressor. 
Laboratory Tests 
Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 

Drug Interactions 

Catecholamine-depleting drugs (e.g.. reserpine} may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor pius a catecholamine depietor should 
therefore be closely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo, syncope, or 
postural hypotension. 

Risk of Anaphylactic Reaction. While taking beta-blockers, 
patients with a history of severe anaphylactic reaction to à 
variety of allergens may be more reactive to repeated chal- 
lenge. either accidental, diagnostic, or therapeutic. Such 
patients may be unresponsive to the usual doses of epinephrine 
used to treat allergic reaction. 

Carcinogenesis, Mutagenesis, ie coats of Fertility 
Long-term studies in animals have been conducted to evaluate 
carcinogenic potential. in a 2-year study in rats at three oral 
dosage levels of up to 800 mg/kg per day, there was no in- 
crease in the development of spontaneously occurring benign 
or malignant neoplasms of any type. The only histologic 
changes that appeared to be drug related were an increased 
incidence of generally mild focal accumulation of foamy mac- 
rophages in pulmonary alveoli and a slight increase in biliary 
hyperplasia. in a 21-month study in Swiss albino mice at three 
oral dosage leveis of up to 750 mg/kg per day, benign lung 
tumors (small adenomas) occurred more frequently in female 
mice receiving the highest dose than in untreated control ani- 
mais. There was no increase in malignant or tota! (benign plus 
malignant) iung tumors, nor in the overall incidence of tumors 
or malignant tumors. This 21-month study was repeated in 
CD-1 mice, and no statistically or biologically significant dif- 
ferences were observed between treated and contro! mice of 
either sex for any type of tumor. 

All mutagenicity tests performed (a dominant lethal study in 
mice, chromosome studies in somatic cells, a Salmoneila/ 
mammalian-microsome mutagenicity test, and a nucleus 
anomaly test in somatic interphase nuclei? were negative. 

No evidence of impaired fertility due to Lopressor was ob- 
served in a study performed in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. 

Pregnancy Category C 

Lopressor has been shown to increase postimplantation loss 
and decrease neonatal survival in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. Distribution stud- 
ies in mice confirm exposure of the fetus when Lopressor is 
administered to the pregnant animal. These studies have 
revealed no evidence of impaired fertility or teratogenicity. 
There are no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Mursing Mothers 

Lopressor is excreted in breast milk in very small quantity. An 
infant consuming 1 liter of breast milk daily would receive a 
dose of less than 1 mg of the drug. Caution should be exercised 
when Lopressor is administered to a nursing woman. 


Pediatric Use a 

Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 

Hypertension and Angina l , 

Most adverse effects have been mild and transient. 

Central Nervous System: Tiredness and dizziness have 
occurred in about 10 of 100 patients. Depression has been 
reported in about 5 of 100 patients. Mental confusion and | 
short-term memory loss have been reported. Headache, night- 
mares, and insomnia have also been reported. | 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 100 patients. Cold extremities; 
arterial insufficiency, usually of the Raynaud type: palpitations: 
congestive heart failure: peripheral edema: and hypotension 
have been [ond in about 1 of 100 patients. (See CON- 
TRAINDICATIONS, WARNINGS, and PRECAUTIONS.) 

Ane aed PB Wheezing (bronchospasm) and dyspnea have 
been reported in about 1 of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of 100 
patients. Nausea, dry mouth, gastric pain, constipation, 
flatulence, and heartburn have been reported in about 1 of 100 
patients. 

Hypersensitive Reactions: Pruritus or rash have occurred in 
about da 100 patients. Worsening of psoriasis has also been 
reported. 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100,000 patients. Musculoskeleta! pain, blurred 
vision, and tinnitus have aiso been reported. 

There have been rare reports of reversible alopecia, 
agranulocytosis, and dry eyes. Discontinuation of the drug 
should be considered if any such reaction is not otherwise 
explicabie. 

The oculomucocutaneous syndrome associated with the beta 
blocker practolol has not been reported with Loprassor. 
Myocardial Infarction 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances, hallucina- 
tions, headache, dizziness, visual disturbances, confusion, 
and reduced libido have aiso been reported, but a drug reia- 
tionship is not clear. 

Cardiovascular: in the randomized comparison of Lopressor 
and placebo described in the CLIMICAL PHARMACOLOGY sec- 
tion, the following adverse reactions were reported: 


Lopressor Placebo 
Hypotension 27 49s 23.2% 
{systolic BP 
< 80 mmHg) 
Bradycardia 15.9% 6.7% 
{heart rate 
< 40 beats/min) l 
Second- or 4.7% 4.7% 
third-degree 
heart block 
First-degree 5.396 1.9% 
heart block 
(P-R = 0.26 sec) 
Heart failure 27.5% 29.6% 


Viro ea f Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominai pain have been 
reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been re- 
ported, but a drug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear. 

Potential Adverse Reactions — 

A variety of adverse reactions not listed above have been re- 

poe with other beta-adrenergic blocking d ate and should 
e considered potential adverse reactions to Lopressor. 

Central Nervous System: Reversible mentai depression 
progressing to catatonia: an acute reversible syndrome charac- 
terized by disorientation for time and place, short-term 
memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsychometrics. 

Cardiovascular: intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic put- 
pura, thrombocytopenic purpura. 

Hypersensitive Reactions: Fever combined with aching and 
sore throat, laryngospasm, and respiratory distress. 
OVERDOSAGE 
Acute Toxicity 
pai corte of overdosage have been reported. some leading 

o death. 

Orai LOso’s (mg/kg): mice, 1158-2460; rats, 3090-4670. 
Signs and Symptoms 
Potential signs and symptoms associated with overdosage with 
Lopressor are bradycardia, hypotension, bronchospasm, and 
cardiac failure. 

Treatment 

There is no specific antidote. 

in general. patients with acute or recent myocardial infarc- 
tion may be more hemodynamically unstabie than other d 
tients and should be treated accordingly (see WARNINGS, 
Myocardial infarction). 

On the basis of the pharmacologic actions of Lopressor, the 
following general measures should be employed: 

Elimination of the Ürug: Gastric lavage should be 
performed. 

Bradycardia: Atropine should be administered. If there is no 
response to vagal blockade, isoprotereno! should be adminis- 
tered cautiously. 

Hypotension: A vasopressor should be administered, eg., 
levarterenol or dopamine. 

Bronchospasm: A deta,-stimulating agent and/or a theo- 
pogin derivative shouid be administered. 

ardiac Failure: A digitalis glycoside and diuretic should be 
administered. in shock resulting from inadequate cardiac con- 
tractility, administration of dobutamine, isoproterenol, or 
glucagon may be considered. 
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Triad patients are at increased risk of 
heart attack" 


In the placebo population of the Helsinki Heart Study, patients with the triad of risk— 
iow HDL, elevated LDL, and elevated triglycerides—have been 
shown to be almost four times more likely to develop CHD: 
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LOPID reduced CHD* 
57% in triad patients’ 


In the Helsinki Heart Study, LOPID reduced heart 
attack by 57% in patients at very high risk and by 
34% overall? LOPID raises HDL and lowers LDL 
and triglycerides while it reduces the risk of 
developing CHD as an adjunct to diet in patients 
with the triad of lipid abnormalities who have had 
an inadequate response to exercise, dietary 
therapy, weight loss, and trial of other 
pharmacologic agents (such as bile acid 
sequestrants and nicotinic acid). 
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LOPID is indicated as adjunctive therapy to diet for 
reducing the risk of developing coronary heart disease 
only in type llb patients who are without history of or 
symptoms of existing coronary heart disease and who 
have the following triad of lipid abnormalities: low 
HDL cholesterol in addition to elevated LDL cholesterol 
and elevated triglycerides. 

In addition, the potential benefit of gemfibrozil in 
treating type lla patients with elevations of LDL choles- 
terol only is not likely to outweigh the risks. LOPID is 
not indicated for the treatment of patients with low 
HDL as their only lipid abnormality. 

LOPID is contraindicated in patients with hepatic or 
severe renal dysfunction, including primary biliary 
cirrhosis, preexisting gallbladder disease, or hyper- 
sensitivity to gemfibrozil. LOPID may increase choles- 
terol secretion into the bile, leading to cholelithiasis. 
Caution should be exercised when anticoagulants are 
given in conjunction with LOPID. 


With baseline HDL above the median (464 mg/dL), the incidence of serious 
coronary events was similar for LOPID and placebo groups. 

Defined as a combination of definite coronary death and/or definite myocardial 
infarction. 57% calculated from an incidence of CHD of 149/1000 among placebo 
patients and 64/1000 among treated patients. 

Baseline LDL >175 mg/dL, baseline TG > 200 mg/dL, and baseline HDL <35 mg/dL 
‘All patients were counseled on dietary therapy and encouraged to exercise and quit 
smoking. 


Please see adjacent page for brief summary of prescribing information. 
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TREATS THE TRIAD 
REDUCES THE RISK OF DEVELOPING CHD 


sal Ae a> Se hl 


DLS 


A a áa CEET Py a a r S 


IỌPID - 


(gemfibrozil ) 9; Tablets BID 


Before d : M ene see full prescribing information. A Brief Summary follows. 











1, Hepatic or ort renal dysfunction, including primary biliary cirrhosis. 
Preexisting spe nid dame WARNINGS) 


ity was due to a 33% 
uding malignancy, post A hal suia ie seed a pancreatitis. The 
he rsk ote spa aes vse 
use of the more limited size of the Helsinki Heart Study the obsened diference in mortality rom ary cause between 
the Lopid and placebo group ut etal sont re t from b aed lr poli in the clofibrate 
no ble O study at the 9 year follow-up. mortality showed an excess in 
group originally Brel La iri e yale hip during th tie pen open-label extension. 
During the 5 year primary prevention component ofthe Helsinki Heart Study mortality from any cause was 44 (2.296) in the 
Sees tenes p EEEESE since the trial was completed, 
cumulative mortality from any 26 ee rag. ra e SANN ho roup originally randomized to 
placebo (hazard rabo 120 in Euor of placebo rir erri elsinki Heart Study, the observed 
eedem rom an iie ede puer aep ae roups at year-5 or at year-85 is not statistically 
Bde illl 9% escess mostly dri ari brate group in the separate WHO study at the 9 year 
bor N Noncoronary heart disease related mortality showed an excess in the group originally randomized to Lopid at the 
follow-up (65 Lopid versus 45 placebo noncorenary deaths). 
incidence of cancer (excluding basal cell carcinema) discovered during the trial and in the 35 years after the trial was 
completed was 51 (2.5%) in both originally randomized groups. In addition, there were 16 basal cell carcinomas in the group 
rando Patna renames Lond d B D (p = 0.22). There were 30 (15%) deaths 
Ase outues ny array ees 0996) in the group originally randomized to placebo 
brozil patients in a corresponding study in men 
the He inki Heart 


€ ie males excluded from the primary tion component of the Helsinki Heart Study because of a Hee 
ease ae The prim endpoint of the study was cardiac events 
tte sum of non-fatal myocardial “yr pe and sudden cardiac deaths). re e (Lopid:placebo) for ORG 


from the tue 
hepato goup (uad alo 2'8 d covdidence imis 094-8 1006). Ten of these deaths nthe pid group and 
3 in the placebo group occurred after discontinuation irom therapy. In this study of patients with known or suspected coronary 
heart disease, no benefit from Lopid treatment was observed in reducing cardiac events or cardiac deaths. Thus, Lopid 
has shown benefit only in selected dyslipidemic patients without suspected or established coronary heart disease. Even in 
Ballenis wih coronary heert debde and the sand etevated LDL-cholesterol, om triglycerides, plus low HDL-cholesterol, 
the parakaluar ch Pyth cree, 
2. A gallstone prevalence substudy of 450 Helsinki Heart EE dreds Ward Gutol Lar nlt d 
IMEEM Ice n ion E NU MO KD Kato cbe 
up). A rgery was observed for the Lopid group (17 vs 11 
sis a 3406 excess). This result dino not Gio caet tom Th oir eie incidence of cholecystectomy observed in 
O study in the group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol excretion into the 
bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder studies are indicated. Lopid therapy should be 
discontinued if gallstones are found. 
3 Since a reduction of mortality from coronary heart disease has not been demonstrated and because liver and interstitial 
Cell testicular tumors were increased in rats, Lopid saould be administered only to those patients described in the 
INDICATIONS AND USAGE section. If a significant serum lipid response is not obtained, Lopid should be discontinued. 
4. Concomitant Anti ulants — Caution Should bexexercised when anticoagulants are given in conj n with Lopid. The 
dosage of the anticoagulant should be reduced to maintain the prothrombin time at the desired leve! to prevent bleeding 
hace roen prothrombin determinationsare advisable until it has been definitely determined that the 


deny mde with Lopid is —€— - has been d with rhabdomyolysis, markedly elevated 
creatine kinase (CK) levels and Jis ea cases to acute renal failure. IN VIRTUALLY ALL 
PATIENTS WHO HAVE HAD AN UN ATISACIOR RE E TO THER D DRUG ALONE, ANY POTENTIAL LIPID 
BENEFIT OF COMBINED THERAPY WITH LOVASTATIN "AND GEMFIBROZIL DOES NOT OUTWEIGH THE RISKS OF SEVERE 
MYOPATHY, RHABDOMYOLYSIS, AND ACUTE RENAL Ie (see Drug Interactions). The use of fibrates alone, including 
Lopid, may occasionally be associated with receiving Lopid and complaining of muscle pain, tenderness, 
or ace should et prompt me Fine id morts nc fis inchdiny serum creatine kinase level determination. If 
withd 


6. poe chap bilateral bie T i in 1096, and j unilateral i in 6:396 of male rats treated with gemfibrozil at 

10 times the human dose. 

PRECAUTIONS 

1. Initial Therapy — Laboratory studies should be done to ascertain that the lipid levels are consistently abnormal. Before 

instituting Lopid therapy, every attempt should be made to control serum lipids with appropriate diet, exercise, weight loss in 

obese patients, and control of any medical problerms such as diabetes mellitus and hypothyroidism that are contributing to 

the lipid abnormalities. 

2. — Therapy — Periodic er crt ‘of serum lipids should be obtained, and the drug withdrawn if lipid 

n is inadequate after 3 months of therapy. 

I Bon ireng a BA HMG-CoA reductase inhibitors: Rhabdomyolysis has occurred with combined gemfibrozil 
lovastatin therapy. It may be seen as early as weeks after initiation of combined therapy or after several months. In most 

sions who have had an lap eet eri to either drug alone, the possible benefit of combined therapy with 

lovastatin (or other HMG-CoA reductase in jand gemfibrozil does not outweigh the risks of severe | rhabdo- 

myolysis, and acute renal remi There is no assurance that periodic monitoring of creatine kinase will prevent the occurrence 


of severe myopathy and 
Anticoagulants: CAUTION 1 SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN CONJUNCTION WITH 

PID. THE DOSAGE OF THE ANTICOAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT THE 
DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE 
ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4 Carcinogenesis, Mutagenesis, impairment of Fertility — Long-term studies have been conducted in rats at 0.2 
and 2 times the human dose (based on surface area, mg/meter’). The incidence of benign liver nodules and liver carcinomas 
was significantly increased in high dose male rats. The incidence of liver carcinomas increased also in low dose males, but 
this increase was not statistically significant (p = 0.7). Male rats had a dose-related and statistically significant increase of 
benign Leydig cell tumors. The higher dose female sats had a significant increase in the combined incidence of benign, and 
malignant liver neoplasms. 

Long-term studies have been conducted in mice at 0.1 and 1 times the human dose (based on surface area). There were 
no statistically significant differences from controlss.in the incidence of liver tumors, but the doses tested were lower than 
those shown to be carcinogenic with other fibrates. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome proliferation following Lopid administration to 
the male rat. An adequate study to test for peroxisome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in humans with either of two other 
drugs of the fibrate class when liver biopsies were compared before and after treatment in the same individual. 

Administration of approximately 06 and 2 times the human dose (based on surface area) to male rats for 10 weeks resulted 
in a dose-related decrease of BET NS MR LS PR DO U 


snd ogh veks atu rated 
adverse effects in rats and rabbits at doses between 05 and 


Pregnancy C — Lopid has been am to 
3 times the human dose on surface area) but no ental toxicity or teratogenicity among offspring of either 


> Ü p í tie Í 
. j T s. reei 7 
ton tee rama. NE eee oe, ee p » b. ^t o CER 





Lopid® (Gemfiorozil Tablets) 





species. There and wel controlled studies in women. PME TR 
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gestation caused a dose-related decrease in conception rate and, at the high dose, an increase in llborns and a 

ee la na: i tne There were also dose-related increased skeletal variations. Anophthalmia 


rarely. 

Administration of 0.6 and 2 times the human dose (based on surface area) of Lopid to female rats from gestation day 15 
through weaning caused dose-related decreases in birth weight and suppressions of pup growth during lactation. 

EDI dM Lad 3 mea Bo human dose (aned on surface area) of Lopa bo femala rabbis diring crgsnoamess 

caused a dose-related decrease in litter size and at the high dose, an increased incidence of parietal bone variations. 

6. Nursing Mothers — It is not known whether this drug is excreted in human milk. Because many drugs are excreted in 
human milk and because of the potential for tumorigenicity shown for Lopid in animal studies, a decision should be made 
rcd oil ibis e Ges rri rae di sil rade 
7 Hematologic Changes white blood cell decreases have been 
occasional patients folowing {natn oi Lopo ee However, these levels stahlize during longer aiiis talion. hist 
severe anemia, leukopenia, throm ia, and bone marrow have been reported. Therefore, periodic blood 
counts are recammended during the first 12 months of Lopid administration. 
8. Liver Function — Abnormal liver function tests have been observed occasionally during Lopid administration, including 
elevations of AST (SGOT), ALT (SGPT), LDH, bilirubin, and alkaline Ee on reversible when Lopid is 
decore. tior pro be uncon sks are recommended and Lopid therapy should be terminated if 

0 
9. Kidney Function —There have been reports of worsening renal insufficiency upon the addition of Lopid therapy in 
individuals with baseline plasma creatinine > 2.0 . In such patients, the use of alternative therapy should be 
y sia lab hye je dd of Lopid. 

Idren — Safety and efficacy in children and adolescents have not been established. 


10. Use in C 
ADVERSE REACTIONS 
In the double-blind controlled phase of the Ms prevention component of the Helsinki Heart Study, 2046 patients received 
Lopid for up to 5 years. In that study, the following adverse reactions were statistically more frequent in subjects in the Lopid 
poy: LOPID PLACEBO 
(N=2046) (N=2035) 
Frequency in percent of subjects 
gr a reactions 342 238 
19.6 11.9 
ind pain 98 56 
Acute appendicitis 12 0.6 
(histo E confirmed in most cases where data were available) 
Atrial fibril 07 0.1 
Adverse events bald by more than 196 of subjects, but without a significant difference between groups: 
Diarrhea 72 65 
Fatigue 38 35 
Nausea/Vomding 25 2.1 
Eczema 19 12 
17 13 
Vertigo 15 13 
Constipation 14 13 
Headache 12 11 
Gallbladder surgery was performed in 0996 of Lopid and 0.5% of placebo subjects in the primary prevention component, 
a 64% excess, which is not statistically different from the excess of gallbladder surgery observed in the clofibrate compared 
to the placebe group of the WHO study. Gallbladder surgery was also performed more frequently in the Lopid group 
compared to placebo (19% vs. 0.3%, p = 0.07) in the tion component. A statistically significant increase in 





preven 
eonan d "x gemfibrozil group was seen also in the secondary prevention component (6 on gemfibrozil vs. 0 on 
p p= 

ds aed ac and special senses adverse reactions were more common in the Lopid group. These included 


resthesias, and taste perversion. Other adverse reactions that were more common among Lopid treatment 
s "m | cs but wh where a Causal relationship was not established include cataracts, peripheral vascular disease, and 
intracerebral hemorrhage. 
From other studies it seems is causal to the occurrence of MUSCULOSKELETAL SYMPTOMS 


seems probable that Lopid is related 
(see WARNINGS), and to ABNORMAL LIVER FUNCTION TESTS and HEMATOLOGIC CHANGES (see PRE 

Reports ofviral and bacterial infections (common cold, cough, urinary tract infections) were more common in 
treated patients in other controlled clinical trials of 805 patients. Additional adverse reactions that have been reported for 
gemfibrozil are listed below by system. These are categorized according to whether a causal relationship to treatment with 
Lopid Ver aun or not established: 

L RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central Nervous System: dizziness, 
dide. “ere peripheral neuritis, decreased libido, depression, headache; Eye: blurred vision; E 
€ usculoskelelal' Jet. maier, e | extremities, arthralgia, synovitis, rhabdomyolysis (see 
NINGS.and Drug Interactions under PRECAUTIONS): Clinical Labo. yan dea increased creatine phosphokinase, increased 
bilirubin, increased liver transaminases (AST [SGOT], ALT [SGPT], inc ine phosphatase; Hematopoietic: anemia, 
leukopenia, bone marrow hypoplasia, eosinophilia; mmunologic: angioedema, laryngeal edema, urticaria; Integumentary: 
exfoliative dermatitis, rash, titis, pruritus, 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasystoles; Gastrointestinal: pancreatitis, 
hepatoma, eolitis; Central Nervous System: confusion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased 
Pe a renal dysfunction; soto worn vx MO antibody; Hematopoietic: thrombocytopenia; 
immunologic: an is, ike syndrome, vasculitis; Integumentary: alopecia. 

DOSAGE AND ADMINISTRATION TION 


The x eM dose for adults is 1200 mg administered in two divided doses 30 minutes before the morning and 
evening meal 

OVERDOSAGE 

ien pu tap no reported case of overdosage, symptomatic supportive measures should be taken should it occur. 
Lopid ee 737), white, elliptical, film-coated, scored tablets, each containing 600 mg gemfibrozil, are available as follows: 
N 0071-073720 ^ Bottles of 60 


N 0071073730 ^ Bottles of 500 
N 0071073740 Unit dose packages of 100 (10 strips of 10 tablets each) 





Parcode® No. 737 

Storage: Store below 30° C (86° F). 
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A NEW REASON 
TO SWITCH 


One convenient once-daily formulation for both indications 
Lower price — 35% lower cost than Cardizem? (diltiazem HCI) tablets* 
~ 95% lower cost than Cardizeme SR (diltiazem HCI) capsules, based on 
average wholesale prices (AWP) when dosed on an equivalent mg/day basis. 


Easy to transfer patients 

e Convert patients on Cardizem tablets or Cardizem SR capsules on a total mg/day basis 
e Monitor and titrate if necessary 

e Cardizem CD is available in 120-, 180-, 240-, and 300-mg capsules 


E CARDIZEM 
OE—e^)^" (diltiazem HCl) 


* Based on Red Book, October 1992. 
Cardizem® tablets, for angina, are available as 30, 60, 90, and 120 mg. 
Cardizem® SR capsules, for hypertension, available as 60-, 90-, and 120-ms. 
Please see the brief summary of prescribing information on an adjacent page. 
CCDAH828/A7514 109559 





ONCE-A-DAY 
CARDIZEM 


(diltiazem HCI) 


Switch from Cardizem (diltiazem HCI) tablets 
on a total mg/day besis* 


For new patients, a recommended starting dose: 
One 180-mg capsule qd 


*Monitor and titrate. 
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= hydrochloride) 
apsules 
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CARDIZEM’ SR 
rer hydrochloride) 
ustained Release Capsules 


Briet Summary of 
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CARDIZEM’ 
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CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick seus syndrome except in the 
presence of a functioning ventricular pacemaker. (2) patients with second- or third- 
degree AV block except in the presence of a functioning-ventricular pacemaker, (3) 
patients with hypotension (less than 90 mm Hg systolic), (4) patients who have 
demonstrated hypersensitivity to the drug, and (5) patients with acute myocardial 
infarction and pulmonary congestion documented by x-ray on admission. 


WARNINGS 


1. Cardiac Conduction. CARDIZEM prolongs AV ncd refractory periods without 
Significantly prolonging sinus node recovery time, except in patients with sick sinus 
syndrome. This effect may rarely result in abnormally saw heart rates (particularly in 
patients with sick sinus syndrome) or second- or third«cegree AV block (13 of 3300 
patients or 0.40%). Concomitant use of diltiazem with zeta-blockers or digitalis may 
result in additive effects on cardiac conduction. A patient with Prinzmetal's angina 
— periods of asystole (2 to 5 seconds) aftera single dose of 60 mg of 

iltiazem 


2. Congestive Heart Failure Although diltiazem has a negative inotropic effect in 
isolated animal tissue preparations, hemodynamic studies in humans with normal 
ventricular function have not shown a reduction in cardiac index nor consistent 
negative effects on contractility (dp/dt). An acute study"? oral diltiazem in patients 
with impaired ventricular function (ejection fraction 24% += 6%) showed 
improvement in indices of ventricular function without significant decrease in 
contractile function (dp/dt). Worsening of congestive heart failure has been reported 
in patients with preexisting impairment of ventricular function, Experience with the 
use of CARDIZEM (diltiazem hydrochloride) in combination with beta-blockers in 
patients with impaired ventricular function is limited. Caution should be exercised 
when using this combination. 


3. Hypotension. Decreases in blood pressure associated with CARDIZEM therapy may 
Occasionally result in symptomatic hypotension 


4 Acute Hepatic Injury. Mild elevations of transaminases with and without 
concomitant elevation in alkaline phosphatase and biitubin have been observed in 
clinical studies. Such elevations were usually transient and frequently resolved even 
with continued diltiazem treatment. In rare instances, significant elevations in 
enzymes such as alkaline phosphatase. LDH, SGOT, SGPT. and other phenomena 
consistent with acute hepatic injury have been noted. These reactions tended to occur 
early after therapy initiation (1 to 8 weeks) and "ave been reversible upon 
discontinuation of drug therapy The relationship to CARDIZEM is uncertain in some 
cases, but probable in some. (See PRECAUTIONS.) 


PRECAUTIONS 


General CARDIZEM (diltiazem hydrochloride) is extens;vely metabolized by the liver 
and excreted by the kidneys and in bile. As with any drug gwen over prolonged periods, 
laboratory parameters of renal and hepatic function showid be monitored at regular 
intervals. The drug should be used with caution in patientsswith impaired renal or hepatic 
function. In subacute and chronic dog and rat studies designed to produce toxicity, high 
doses of diltiazem were associated with hepatic damage in special subacute hepatic 
Studies, oral doses of 125 mg/kg and higher in rats were associated with histological 
changes in the liver which were reversible when the drugewas discontinued. In dogs, 
doses of 20 mg/kg were also associated with hepatic changes; however, these changes 
were reversible with continued dosing. 

Dermatological events (see ADVERSE REACTIONS section) may be transient and may 
disappear despite continued use of CARDIZEM However, skin eruptions progressing to 
erythema multiforme and/or exfoliative dermatitis have alse been infrequently reported 
Should a dermatologic reaction persist, the drug should bex'scontinued. 


Drug Interactions. Due to the potential for additive effects caution and careful titration 
are warranted in patients receiving CARDIZEM concomitantly with other agents known to 
affect cardiac contractility and/or conduction. (See WARNINGS.) Pharmacologic studies 


CCDAH828/A7514 


indicate that there may be additive effects in prolonging AV conduction when using beta- 
blockers or digitalis concomitantly with CARDIZEM. (See WARNINGS.) 


As with all drugs. care should be exercised when treating patients with multiple 
medications. CARDIZEM undergoes biotransformation by cytochrome P-450 mixed 
function oxidase. Coadministration ot CARDIZEM with other agents which follow the same 
route of biotranstormation may result in the competitive inhibition of metabolism. Dosages 
of similarly metabolized drugs such as cyclosporin, particularly those of low therapeutic 
ratio or in patients with renal and/or hepatic impairment, may require adjustment when 
Starting or Stopping concomitantly administered CARDIZEM to maintain optimum 
therapeutic blood levels. 


Beta-blockers: Controlled and uncontrolled domestic studies suggest that concomitant 
use of CARDIZEM and beta-blockers is usually well tolerated, but available data are not 
Sufficient to predict the effects of concomitant treatment in patents with left ventricular 
dysfunction or cardiac conduction abnormalities. 


Administration of CARDIZEM (diltiazem hydrochloride) concomantly with propranolol in 
five normal volunteers resulted in increased propranolol levels in al! subjects and 
bioavailability of propranolol was increased approximately 50% 1f combination therapy is 
initiated or withdrawn in conjunction with propranolol, an adjustment in the propranolol 
dose may be warranted. (See WARNINGS ) 


Cimetidine: A study in six healthy volunteers has shown a significant increase in peak 
diltiazem plasma levels (58%) and area-under-the curve (53%) after a 1-week course of 
cimetidine at 1,200 mg per day and a single dose of diltiazem 60mg. Ranitidine produced 
smaller, nonsignificant increases. The effect may be mediale; by cimetidine's known 
inhibition of hepatic cytochrome P-450, the enzyme system responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem therapy should be caretully 
monitored for a change in pharmacological effect when initiating and discontinuing therapy 
with cimetidine, An adjustment in the diltiazem dose may be warreated 


Digitalis: Administration of CARDIZEM with digoxin in 2% healthy male subjects 
increased plasma digoxin concentrations approximately 20%. Another investigator found 
no increase in digoxin levels in 12 patients with coronary artery disease. Since there have 
been contlicting results regarding the effect of digoxin levels: it is recommended that 
digoxin levels be monitored when initiating, adjusting, and ciscontinuing CARDIZEM 
therapy to avoid possible over- or under-digitalization. (See WARNINGS. ) 


Anesthetics: The depression of cardiac contractility, conductivity, and automaticity as 
well as the vascular dilation associated with anesthetics may bs potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and caicium blockers should be 
titrated carefully 






jd agenesis. Impairmen priility. A 24-month study in rats 
at oral dosage levels of up T 100 mofky/tay. and a 21-month study in mice at oral 
dosage levels of up to 30 mg/kg/day showed no evidence of carcinogenicity. There was 
also no mutagenic response in vitro or in vivo in mammalian cell assays or in vitro in 
bacteria. No evidence of impaired fertility was observed in a study performed in male and 
female rats at oral dosages of up to 100 mg/kg/day. 


Pregnancy. Category C. Reproduction studies have been conducted in mice, rats, and 
rabbits. Administration of doses ranging from five to ten times greater (on a mg/kg basis) 
than the daily recommended therapeutic dose has resulted in embryo and fetal lethality. 
These doses, in some studies, have been reported to cause ske:elal abnormalities. In the 
perinatal/postnatal studies, there was an increased incidence otstillbirths at doses of 20 
limes the human dose or greater. 


There are no well-controlled studies in pregnant women; therefore, use CARDIZEM in 
pregnant women only if the potential benefit justifies the potentia: risk to the fetus. 


Nursing Mothers. Diltiazem is excreted in human milk. One report suggests that 
concentrations in breast milk may approximate serum levels. II use of CARDIZEM is deemed 
essential, an alternative method of infant feeding should be instituted, 


Pediatric Use Safety and effectiveness in children have not been established 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried ou! to date, but it should be 
recognized that patients with impaired ventricular function and cardiac conduction 
abnormalities have usually been excluded from these studies 

In domestic placebo-controlled angina trials. the incidence of adverse reactions reported 
during CARDIZEM therapy was not greater than that reported during placebo therapy. 

The adverse events described below represent events observed in clinical studies of 
hypertensive patients receiving either CARDIZEM Tablets or CARDIZEM SR Capsules as 
well as experiences observed in studies of angina and during marketing. The most 
common events in hypertension studies are shown in a labie with rates in placebo 
patients shown for comparison. Less common events are listed by body system, these 
include any adverse reactions seen in angina studies tha’ were not observed in 
hypertension studies. In all hypertensive patients taking CARDIZEM Tablets or 
CARDIZEM SR Capsules studied (over 900), the most common adverse events were 
edema (9%), headache (8%), dizziness (6%), asthenia (5%), sinus bradycardia (3%), 
flushing (3%), and first-degree AV block (3%). Only edema anciperhaps bradycardia and 
dizziness were dose related. 


MARION MERRELL DOW INC. 
^N PRESCRIPTION PRODUCTS ISION 
M KANSAS CITY. MO 44114 
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Headache 

AV Block First Degree 4 

Dizziness 6 (28%) 
Edema 2 9% 
Bradycardia 3 

ECG Abnormality 3 

Asthenia 2% 1 
Constipation § 1.6%) 2 

Dyspepsia 4 (13X) 1 

Nausea 4 (1.3%} 2 
Palpitations 4 (13*) 2 

Polyutia 4  (13*) 2 
Somnolence 4 (13X) 

Alk Phos Increase 3 (1%) 1 
Hypotension 3 (1%) 1 

Insomnia 3 (1% 1 

Rash 3 (1% 1 

AV Block Second Degree 2 (06%) 





The following table presents the most common adverse reactions wear in placebo- 
controlled angina and hypertension trials in patients receiving CARDIZEM CD up to 360 
mg with rates in placebo patients shown for comparison 


CARDIZEM CD Capsules Placebo-Controlled 
Angina and Hypertension Trials Combined 


ee CD Placebo 













Adverse Reaction = 607 

Headache 54 ! 
Dizziness 3 09; 3.0% 
Bradycardia 3.3% 1.3% 
AV Block First Degree 3.3% 0.0% 
Edema 2.6% 13% 
ECG Abnormality 16% 2.3% 






Asthenia 1.8% 1.7% 


In clinical trials of CARDIZEM CD Capsules. CARDIZEM Tablets, and CARDIZEM SR 
Capsules involving over 3200 patients, the most common events (ie, greater than 1% s. 
were edema (4.6%), headache (4.6%), dizziness (3.5%), asthenia (2.6%), first-degr 
AV block (2.4%), bradycardia (1.7%), flushing (1.4%), nausea (1 A and rash (1.2%) 
In addition, the following events were reported infrequently (less than 1%) in angina 4 
hypertension trials: 
Cardiovascular. Angina, arrhythmia, AV block (second- or third-degree), bundle 
branch block, congestive heart failure, ECG abnormalities, hypotension, palpitations, 
syncope, tachycardia, ventricular extrasystoles 

ervous System: Abnormal dreams, amnesia, depression, gait abnormality, hallucinations, 
insomnia, Nervousness, paresthesia, personality change, somnolence, tinnitus, tremor 
Gastrointestinal: Anorexia, constipation, diarrhea, dry mouth, dysgeusia, dyspepsia, mild 
elevations of SGOT, SGPT. LDH, and alkaline phosphatase (see hepatic warnings). thirst, 
vomiting, weight increase 
Dermatological: Petechiae, photosensitivity, pruritus, urticaria 
Other: Amblyopia, CPK increase, dyspnea, epistaxis, eye irritation, hyperglycemia, 
hyperuricemia, impotence, muscle cramps, nasal congestion, nocturia, osteoarticular pain, 
DO sexual difficulties 

he following postmarketing events have been reported infrequently in patients receiving 
CARDIZEM: alopecia. erythema multiforme, exfoliative dermatitis, extrapyramidal 
symptoms. gingival hyperplasia, hemolytic anemia, increased bleeding time, leukopenia, 
purpura. retinopathy. and thrombocytopenia. In addition, events such as myocardial 
infarction have been observed which are not readity distinguishable from the natural history 
of the disease in these patients. A number of well-documented cases of generalized rash, 
characterized as leukocytoclastic vasculitis, have been reported. However, a definitive cause 
and eftect relationship between these events and CARDIZEM therapy is yet to be established. 


CARDIZEM* CD 
Prescribing Information as of October 1992 (2) 


CARDIZEM* SR 
Prescribing Information as of January 1991 


CARDIZEM* 
Prescribing Information as of January 1991 


Marion Merrell Dow Inc. 
Kansas City, Missouri 64114 
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MERCK Human Health Division — a one-year subscription to The 
American Journal of Cardiology is provided to each fellow in Cardiology 
in the United States as a service to medicine. 


To start your complementary subscription to The American Journal of 
Cardiology please submit a letter signed by your program director stating 
that you are a cardiology fellow, along with your current mailing address. 


Mail to: Stephen Morin, The American Journal of Cardiology, 249 West 
17th Street, New York, N. Y. 10011. 
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CORONARY ARTERY DISEASE 





Trial 

Bernard R. Chaitman, Robert P. McMahon, Michael Terrin, Liwa T. Younis, ie: 
Shaw, Donald A. Weiner, Margaret M. Frederick, Genell L. Knatterud, George Sopko,. 
and Eugene Braunwald, for the TIMI Investigators 





Predischarge supine bicycle ergometry was used to assess residual postin- 
farct myocardial ischemia in patients who received thrombolytic therapy in 
the TIMI II trial. One-year mortality was greater in patients. who did not 
perform the predischarge exercise test than in those who did (p «0.001); the 
former were older (p «0.001), and a greater proportion were women (p 
«0.001, and had a more frequent history of myocardial infarction (p «0.01 ), 
and more extensive coronary artery disease (p «0.001). One-year mortality 
in patients with exercise-induced ST-segment depression or chest pain was 
only 1.496 in those randomly assi igned to the conservative strategy and 2.596 
in those randomly assigned to the invasive strategy. In postinfarct patients 
treated with thrombolytic therapy and a conservative strategy, the recom- 
mendation of performing cardiac catheterization and coronary - revascular- 
ization when the predischarge exercise test is abnormal results i in alow 1- 
year mortality. for those with exercise - induced angina or ST-segment depres- 
sion, which is comparable to that for patients who do not have this. “hosting. a 





139 

Transient Myocardial Ischemia After a First. Acute - 

Myocardial. Infarction and Its Relation to Clinical - 
Sucs, he rge Exercise Te s ling z 

Events at One -Year Follow-Up | per 

Hang MICKEY, Peter Pless, Jens R. Nielsen, Jens Berning, and Mogens Maler 





The relation between early postdischarge ambulatory ST-segment n moni- - 
toring, clinical characteristics, predischarge maximal exercise testing and E 
cardiac events was determined in 123 consecutive men «70 years old with _ 
a first acute myocardial infarction. During 36 hours of ambulatory record- 
ing Il days after acute myocardial. infarction, 23- patients (19%). demon- 
strated ischemia (group 1 ), whereas 100. patients. did not (group 2). Exer- 
cise-induced ischemia was significantly: more prevalent a and severe in group 
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- 1 patic nts, who: di demonstrated’ a limited. aniline response. Dur- 

ing 1-year follow-up, the frequency of cardiac events (cardiac death, non- 
l reinfarction, severe angina) was 52% in group 1, which was signifi- 
higher than the 22% found in group 2. Exercise-induced ischemia 

d not predict outcome: event rate 30% in group 1 vs 25% in group 2. 
None of the 5 patients who died within 1 year had ischemia during any of 
the electrocardiographic methods. However, a significant association between 
a low left ventricular ejection fraction and l-year mortality was found. 














| 'ontinuously Updated 12-Lead ST-Segment Recovery 
nalysis for Myocardial Infarct Artery Patency 

and its Correlation with Multiple Simultaneous Early 
Angiographic Observations 

Mitchell W. Krucoff, Martha A. Croll, James E. Pope, Karen S. Pieper, Prapti M. 
Kanani, Christopher B. Granger, Rolf F. Veldkamp, Beverly L. Wagner, Sharon T. 
Sawchak, and Robert M. Califf 



































Continuous 12-lead ST-segment monitoring was analyzed in 22 patients 
with acute myocardial infarction undergoing early angiography. ST-recovery 
analysis at the moment of angiography was 90% sensitive and 92% spe- 
cific for detection of an occluded infarct vessel. Despite this strong instan- 
taneous correlation, cumulative speed, stability and duration of ST recov- 
ery over time did not correlate across patients subgrouped by angiographic 
patency. In 50% of patients, multiple ST-trend transitions suggested cyclic 
changes in coronary patency before angiography. Cumulative parameters of 
2 recovery, as proposed in this study, probably reflect the speed, 

ability mE duration of 2 ee — of cyclic 








ricular Fibrillation Complicating Acute Myocardial 
Infarction 
Solomon Behar, Henrietta Reicher-Reiss, Michael Shechter, Babeth Rabinowitz, 
Elieser Kaplinsky, Edward Abinader, Jacob Agmon, Yaacov Friedman, Jacob Barzilai, 
Nissim Kauli, Yehezkiel Kishon, Abraham Palant, Benyamin Peled, Leonardo Reisin, 
Zwi Schlesinger, Izhar Zahavi, Monty Zion, and Uri Golcbourt, for the SPRINT Study 
Group 





The incidence of secondary ventricular fibrillatien (VF) complicating acute 
myocardial infarction was 2.4% in a large cohort of unselected patients with 
acute myocardial infarction. In-hospital mortality was significantly higher 
than in patients without VE Multivariate analysis showed that secondary 
VF is an independent predictor of higher in-hospital death. The mortality 5 
years after discharge was similar in patients with and without secondary 
VF during hospitalization. 











Continued on page A15 
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NOW THEY'RE 
CONCERNED... 












Today’s hypertensives with new concerns... 





"Adapted from the interim (12 months) results of the Treatment of Mild Hypertension Study, a randomized, double-blind, placebo-controlled trial of a nutritional-hygienic regimen along with various druc 
therapies. All drugs (except acebutolol) were given initially in low doses. If the patient showed a diastolic blood pressure more than 95 mm Hg on three successive follow-up visits, the dosage was 
doubled. If blood pressure remained elevated, a second drug (chlorthalidone, except for chlorthalidone group, which was given enalapril) was added. Mean diastolic blood pressure was lowered in tr 
various drug groups with median dosages, as follows: doxazosin (2 mg/day), 12.0 mm Hg; enalapril (5 mg/day), 12.2 mm Hg; chlorthalidone (15 mg/day), 13.1 mm Hg; and acebutolol (400 mg/day), 
13.7 mm Hg (n=847; P<0.01 vs placebo) 

'n2128; P«0.01 vs placebo. In a pooled analysis of placebo-controlled studies with about 300 predominantly normocnolesterolemic patients per treatment group, CARDURA produced a small decreas 
in total cholesterol (-2.7%) and LDL cholesterol (-4.3%) and a small increase in the HDL/total cholesterol ratio (+4.3%) 


‘Adapted from Lehtonen et al’ (n=77; after 26 weeks: P<0.001 compared with week 0 for blood pressure and insulin, P«0.05 compared with week 0 for glucose) 





GENERATION 
(esl umbra: pea 


a new generation of hypertensives. 


Choose CARDURA for blood pressure control that 
doesn't jeopardize blood lipids. 


In the Treatment of Mild Hypertension Study, CARDURA 


lowered diastolic blood pressure (mean 12.0 mm Hg) as effectively 
as enalapril, chlorthalidone, and acebutolol" 









CARDURA lowered blood pressure with a small increase in the 
HDL/total cholesterol ratio (42.496) in the same study.'T The clinical 
significance of these changes is uncertain. Cholesterol is just one 
parameter to consider when selecting the best individualized therapy 
for a given patient 
Choose CARDURA for blood pressure control that 
doesn't compromise blood sugar. 

CARDURA controlled diastolic blood pressure without an adverse 
effect on glucose tolerance or insulin control* 


CARDURA is well tolerated. In placebo-controlled studies, only three 
common side effects were reported significantly more often than 
placebo: dizziness, somnolence, and fatigue.° 


Only 2% of patients discontinued therapy due to adverse effects— 
the same as with placebo 


* These were generally mild and transient. Syncope has been reported, but rarely («196). 
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HYPERTENSION CONTROL FOR A NEW GENERATION. 


Please see brief summary on last page. ©1992, Pfizer Inc 
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References: 1. The Treatment of Mild Hypertension Research Group. 
Treatment of Mild Hypertension Study: a randomized, placebo-controlled 
of a nutritional-hygienic regimen along with various drug monotherap 
Arch Intern Med. 1991;151:1413-1423. 2. Lehtonen A, the Finnish Multice 
Study Group. Lowered levels of serum insulin, glucose, and cholestert 
hypertensive patients during treatment with doxazosin. Curr Ther } 
1990:47:278-284. 





CARDURA® (doxazosin mesylate) Tablets 

Brief Summary of 

INDICATIONS AND USAGE 

CARDURA (doxazosin mesylate) is indicated for the treatment of 
hypertension. CARDURA may be used alone or in combination with 
diuretics or beta-adrenergic blocking agents. There is limited experience 
with CARDURA in combination with angiotensin converting enzyme 
inhibitors or calcium channel blockers. 

CONTRAINDICATIONS 

CARDURA is contraindicated in patients with a knawn sensitivity to 
quinazolines (e.g. prazosin, terazosin). 

WARNINGS 

Syncope and "First-dose" Effect: 

Doxazosin, like other alpha-adrenergic blocking agents, can cause 
marked hypotension, especially in the upright position, with syncope and 
other postural symptoms such as dizziness. Marked orthostatic effects 
are most common with the first dose but can alsc occur when there is a 
dosage increase, or if therapy is interrupted for more than a few days. To 
decrease the likelihood of excessive hypotension and syncope, it is 
essential that treatment be initiated with the 1 mg dose. The 2, 4, and 
8 mg tablets are not for initial therapy. Dosage should then be adjusted 
slowly (see DOSAGE AND ADMINISTRATION section) with increases in 
dose every two weeks. Additional antihypertensive agents should be 
added with caution. 

Patients being titrated with doxazosin should be-cautioned to avoid 
situations where injury could result should syncope occur. 

In an early investigational study of the safety and tolerance of increasing 
daily doses of doxazosin in normotensives beginning at 1 mg/day, only 2 of 
6 subjects could tolerate more than 2 mg/day without experiencing 
symptomatic postural hypotension. In another study of 24 healthy 
normotensive male subjects receiving initial doses of 2 mg/day of 
doxazosin, seven (29%) of the subjects experienced symptomatic postural 
hypotension between 0.5 and 6 hours after the first-dose necessitating 
termination of the study. In this study 2 of the normotensive subjects 
experienced syncope. Subsequent trials in hypertensive patients always 
began doxazosin dosing at 1 mg/day resulting in a 4% incidence of postural 
side effects at 1 mg/day with no cases of syncope. 

In multiple dose clinical trials involving over 1500:patients with dose 
titration every one to two weeks, syncope was reported in 0.796 of patients. 
None of these events occurred at the starting dose of 1 mg and 1.2% 
(8/664) occurred at 16 mg/day. 

If syncope occurs, the patient should be placed in a recumbent position 
and treated supportively as necessary. 

PRECAUTIONS 

General 

1. Orthostatic Hypotension: 

While syncope is the most severe orthostatic effect o! CARDURA, other 
symptoms of lowered blood pressure, such as dizziness, lightheadedness, or 
vertigo, can occur, especially at initiation of therapy or at the time of dose 
increases. These were common in clinical trials, occurring in up to 23% of all 
patients treated and causing discontinuation of therapy in about 2%. 

In placebo controlled titration trials orthostatic effects were minimized by 
beginning therapy at 1 mg per day and titrating ever; two weeks to 2, 4, or 
8 mg per day. There was an increased frequency of orthostatic effects in 
patients given 8 mg or more, 10%, compared to 5%.at 1-4 mg and 3% in 
the placebo group. 

Patients in occupations in which orthostatic hypotension could be 
dangerous should be treated with particular caution. 

If hypotension occurs, the patient should be placediin the supine position 
and, if this measure is inadequate, volume expansionwith intravenous fluids 
or vasopressor therapy may be used. A transient hypotensive response is not 
a contraindication to further doses of CARDURA. 

2. Impaired liver function: 

CARDURA should be administered with caution to patients with evidence of 
impaired hepatic function or to patients receiving drugs known to influence 
hepatic metabolism (see CLINICAL PHARMACOLOGY). There is no controlled 
clinical experience with CARDURA in patients with these conditions. 

3. Leukopenia/Neutropenia: 

Analysis of hematologic data from patients receiving CARDURA in 
controlled clinical trials showed that the mean WBC (N-474) and mean 
neutrophil counts (N=419) were decreased by 2.4% and 1.0% respectively, 
compared to placebo, a phenomenon seen with other alpha blocking drugs. 
A search through a data base of 2400 patients revealed 4 in which drug- 
related neutropenia could not be ruled out. Two had a single low value on 
the last day of treatment. Two had stable, non-progressive neutrophil 
counts in the 1000/mm! range over periods of 20 anc 40 weeks. In cases 
where follow-up was available the WBCs and neutrophil counts returned to 
normal after discontinuation of CARDURA. No patients became 
symptomatic as a result of the low WBC or neutrophil counts. 

Information for Patients: 

Patients should be made aware of the possibility of syncopal and orthostatic 
symptoms, especially at the initiation of therapy, and urged to avoid driving or 
hazardous tasks for 24 hours after the first dose, after a dosage increase, and 
after interruption of therapy when treatment is resumed. They should be 
cautioned to avoid situations where injury could result should syncope occur 
during initiation of doxazosin therapy. They should also be advised of the 
need to sit or lie down when symptoms of lowered bloed pressure occur, 
although these symptoms are not always orthostatic, and to be careful when 
rising from a sitting or lying position. If dizziness, lightheadedness, or 
palpitations are bothersome they should be reported tc the physician, so that 
dose adjustment can be considered. Patients should also be told that 
drowsiness or somnolence can occur with doxazosin, requiring caution in 
people who must drive or operate heavy machinery. 

Drug Interactions: 

Most (98%) of plasma doxazosin is protein bound. /n vitro data in human 
plasma indicate that CARDURA has no effect on protein binding of digoxin, 
warfarin, phenytoin or indomethacin. There is no information on the effect 
of other highly plasma protein bound drugs on doxazasin binding. 
CARDURA has been administered without any evidence of an adverse drug 
interaction to patients receiving thiazide diuretics, beta blocking agents, and 
nonsteroidal anti-inflammatory drugs. 

Drug/Laboratory test interactions: 

None known. 

Cardiac Toxicity in Animals: 

An increased incidence of myocardial necrosis or fibrosis was displayed by 
Sprague-Dawley rats after 6 months of dietary administration at 
concentrations calculated to provide 80 mg doxazosin/kg/day and after 

12 months of dietary administration at concentrations calculated to provide 
40 mg doxazosin/kg/day (150 times the maximum recommended human 
dose assuming a patient weight of 60 kg). Myocardial fibrosis was observed 
in both rats and mice treated in the same manner with 40 mg 


doxazosin/kg/day for 18 months. No cardiotoxicity was-observed at lower 
doses (up to 10 or 20 mg/kg/day, depending on the study) in either species. 
These lesions were not observed after 12 months of oral dosing in dogs and 
Wistar rats at maximum doses of 20 mg/kg/day and 10D mg/kg/day, 
respectively. There is no evidence that similar lesions occur in humans. 
Carcinogenesis, Mutagenesis and Impairment of Fertility: 

Chronic dietary administration (up to 24 months) of doxazosin mesylate at 
maximally tolerated concentrations (highest dose 40 mg/kg: about 150 
times the maximum recommended human dose of 16 mg/60 kg) revealed 
no evidence of carcinogenicity in rats. There was also no evidence of 
carcinogenicity in a similarly conducted study (up to 18 months of dietary 
administration) in mice. The mouse study, however, was compromised by 
the failure to use a maximally tolerated dose of doxazosin. 

Mutagenicity studies revealed no drug- or metabolite-related effects at 
either chromosomal or subchromosomal levels. 

Studies in rats showed reduced fertility in males treated with doxazosin at 
oral doses of 20 (but not 5 or 10) mg/kg/day, about 75 times the maximum 
recommended human dose. This effect was reversible within two weeks of 
drug withdrawal. 

Pregnancy 

Teratogenic Etfects, Pregnancy Category B. Studies in rabbits and rats at 
daily oral doses of up to 40 and 20 mg/kg, respectively.(150 and 75 times 
the maximum recommended daily dose of 16 mg, assuming a patient 
weight of 60 kg), have revealed no evidence of harm taithe fetus. The rabbit 
study, however, was compromised by the failure to use a maximally 
tolerated dose of doxazosin. There are no adequate anc well-controlled 
studies in pregnant women. Because animal reproduction studies are not 
always predictive of human response, CARDURA should be used during 
pregnancy only if clearly needed. 

Radioactivity was found to cross the placenta following oral 
administration of labelled doxazosin to pregnant rats. 

Nonteratogenic Effects. In peri-postnatal studies in rats, postnatal 
development at maternal doses of 40 or 50 mg/kg/day of doxazosin was 
delayed as evidenced by slower body weight gain and zslightly later 
appearance of anatomical features and reflexes. 





Nursing Mothers 

Studies in lactating rats given a single oral dose of 1 mg/kg of [2-"C]- 
doxazosin indicate that doxazosin accumulates in rat breast milk with a 
maximum concentration about 20 times greater than the-maternal plasma 
concentration. It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be 
exercised when CARDURA is administered to a nursing mother. 

Pediatric Use 

Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

CARDURA has been administered to approximately 4000'patients, of whom 
1679 were included in the clinical development program. In that program, 
minor adverse effects were frequent, but led to discontinuation of treatment 
in only 7% of patients. In placebo-controlled studies adverse effects 
occurred in 49% and 40% of patients in the doxazosin and placebo groups, 
respectively, and led to discontinuation in 2% of patients in each group. The 
major reasons for discontinuation were postural effects (296), edema, 
malaise/fatigue, and some heart rate disturbance, each about 0.7%. 

In controlled clinical trials directly comparing CARDURA to placebo there 
was no significant difference in the incidence of side effects, except for 
dizziness (including postural), weight gain, somnolence and 
fatigue / malaise. Postural effects and edema appeared to be dose related. 

The prevalence rates presented below are based on combined data from 
placebo-controlled studies involving once daily administration of doxazosin 
at doses ranging from 1-16 mg. Table 1 summarizes those adverse 
experiences (possibly/probably related) reported for patients in these 
studies where the prevalence rate in the doxazosin group was at least 0.5% 
or where the reaction is of particular interest. 


TABLE 1 
ADVERSE REACTIONS DURING PLACEBO CONTROLLED STUDIES 

DOXAZOSIN PLACEBO 

(N-336; (N-336) 

CARDIOVASCULAR: Dizziness 19% 9% 
Vertigo 2% 1% 

Postural Hypotension 0.3% 0% 

Edema 4% 3% 

Palpitation 2% 3% 

Arrhythmia 1% 0% 

Hypotension 1% 0% 

Tachycardia 0.3% 1% 

Peripheral Ischemia 0.3% 0% 

SKIN APPENDAGES: Rash 1% 1% 
Pruritus 1% 1% 








DOXAZOSIN PLACE 
(N=339) (N-3; 
MUSCULOSKELETAL: — Arthralgia/Arthritis 1% ( 
Muscle Weakness 1% ( 
Myalgia 1% ( 
CENTRAL & 

PERIPHERAL N.S.: Headache 14% 1t 
Paresthesia 1% 1 
Kinetic Disorders 1% ( 
Ataxia 196 ( 
Hypertonia 196 ( 
Muscle Cramps 196 ( 
AUTONOMIC: Mouth Dry 2% H 
Flushing 196 ( 
SPECIAL SENSES: Vision Abnormal 2% 1 
Conjunctivitis/Eye Pain 1% 1 
Tinnitus 1% 0. 
PSYCHIATRIC: Somnolence 5% 1 
Nervousness 2% í 
Depression 1% ' 

Insomnia 196 

Sexual Dysfunction 2% 
GASTROINTESTINAL: Nausea 3% 4 
Diarrhea 2% 
Constipation 1% 1 
Dyspepsia 1% 1 
Flatulence 196 1 
Abdominal Pain 096 2 
Vomiting 0% 1 
RESPIRATORY: Rhinitis 3% 1 
Dyspnea 1% 1 
Epistaxis 1% ( 
URINARY: Polyuria 2% 
Urinary Incontinence 1% 
Micturation Frequency 0% y 
GENERAL: Fatigue/Malaise 12% t 
Chest Pain 2% i 
Asthenia 196 1 
Face Edema 196 ( 
Pain 296 y 





Additional adverse reactions have been reported, but these are, in gene! 
not distinguishable from symptoms that might have occurred in the 
absence of exposure to doxazosin. The following adverse reactions 
occurred with a frequency of between 0.5% and 1%: syncope, 
hypoesthesia, increased sweating, agitation, increased weight. The 
following additional adverse reactions were reported by «0.596 of 3960 
patients who received doxazosin in controlled or open, short- or long-te 
clinical studies, including international studies. Cardiovascular System: 
angina pectoris, myocardial infarction, cerebrovascular accident; hata 
Nervous System: pallor, Metabolic: thirst, gout, hypokalemia; Hematopoieti 
lymphadenopathy, purpura; Reproductive System: breast pain; Skin 
Disorders: alopecia, dry skin, eczema; Central Nervous System: paresis, 
tremor, twitching, confusion, migraine, impaired concentration; Psychiatr 
paroniria, amnesia, emotional lability, abnormal thinking, depersonalizati( 
Special Senses: parosmia, earache, taste perversion, photophobia, abnorn 
lacrimation; Gastrointestinal System: increased appetite, anorexia, fecal 
incontinence, gastroenteritis; Respiratory System: bronchospasm, sinusiti 
coughing, pharyngitis; Urinary System: renal calculus; General Body System: 
flushes, back pain, infection, fever/rigors, decreased weight, influenza-lik 
symptoms. 

CARDURA has not been associated with any clinically significant chang 
in routine biochemical tests. No clinically relevant adverse effects were 
noted on serum potassium, serum glucose, uric acid, blood urea nitroge 
creatinine or liver function tests. CARDURA has been associated with 
decreases in white blood cell counts (See Precautions). 

OVERDOSAGE 

The oral LDso of doxazosin is greater than 1000 mg/kg in mice and rats. 
The most likely manifestation of overdosage would be hypotension, for 
which the usual treatment would be intravenous infusion of fluid. As 
doxazosin is highly protein bound, dialysis would not be indicated. 
DOSAGE AND ADMINISTRATION 

DOSAGE MUST BE INDIVIDUALIZED. The initial dosage of CARDURA in 
hypertensive patients is 1 mg given once daily. This starting dose is 
intended to minimize the frequency of postural hypotension and first do 
syncope associated with CARDURA. Postural effects are most likely to 
occur between 2 and 6 hours after a dose. Therefore blood pressure 
measurements should be taken during this time period after the first dos 
and with each increase in dose. Depending on the individual patient's 
standing blood pressure response (based on measurements taken at 
2-6 hours postdose and 24 hours postdose), dosage may then be increa 
to 2 mg and thereafter if necessary to 4 mg, 8 mg and 16 mg to achieve 
desired reduction in blood pressure. Increases in dose beyond 4 mg 
increase the likelihood of excessive postural effects including syncope 
postural dizziness/vertigo, postural hypotension. At a titrated dose of 
16 mg once daily the frequency of postural effects is about 12% 
compared to 3% for placebo. 

HOW SUPPLIED 

CARDURA (doxazosin mesylate) is available as colored tablets for oral 
administration. Each tablet contains doxazosin mesylate equivalent to 1 
(white), 2 mg (yellow), 4 mg (orange) or 8 mg (green) of the active 
constituent, doxazosin. 

CARDURA® TABLETS are available as 1 mg (white), 2 mg (yellow), 4 
(orange) and 8 mg (green) scored tablets. 

Bottles of 100: 1 mg (NDC 0049-2750-66), 2 mg (NDC 0049-2760-66), 
4 mg (NDC 0049-2770-66), 8 mg (NDC 0049-2780-66) 

Recommended Storage: Store below 86°F(30°C). 

CAUTION: Federal law prohibits dispensing without prescription. 
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Comparison of Thrombolytic Therapy for Acute Myocardial - 
Infarction in Patients Aged «35 and »55 Years 
Lalit Chouhan, Hajar A. Hajar, and Juan Carlos Pomposiello 


Sixty-two patients aged <35 years and 58 the aged >55 years who received 
intravenous streptokinase for acute myocardial infarction were studied. 
Younger patients had a higher incidence of smoking and a lower incidence 
of diabetes mellitus. At angiography, younger patients had a higher inci- 
dence of insignificant coronary artery disease and a lower incidence of 3- 
vessel disease than did older ones. The patency rates of the infarct vessel 
were comparable in both age groups. Long-term follow-up is needed to 
examine differences i in prognosis due to differences in risk factor profile and 
coronary anatomy. 
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n E. Fichner iews H. Kuller Trevor | Orchard, ny date A. Grandis Lisa M. 
McCallum, Robert E. Ferrell, and James D. Neaton 


The role of apolipoprotein E phenotype as a risk factor for coronary artery 
disease (CAD) is examined using 619 of the 12,866 randomized participants 
from the Multiple Risk Factor Intervention Trial. Study subjects represent- 
ing 93 CAD deaths and 113 nonfatal myocardial infarctions were matched 
with 412 control subjects in a nested patient-control design. Serum frozen 
at -60 to —70?C for about 15 years was used for phenotyping apolipopro- 
tein E. A significant difference in low-density lipoprotein cholesterol was 
found between phenotypes (p «0.001) with the apolipoprotein E 3-2 group 
having a 20 to 25 mg/dl lower mean LDL cholesterol than the other phe- 
notype groups. The distribution of apolipoprotein E phenotype differed 
between patient and control subjects with the patients having a higher per- 
centage of apolipoprotein E phenotypes 4-3, 4-4 and 4-2 and a smaller per- 
centage of apolipoprotein E 3-3 than control subjects. This effect was stronger 
in the CAD deaths. 


Kalua wit tah hallium-201/Te 









Paolo Marzullo, M i Barbara Reisenhofer, Gianmario me Eugenio 
Picano, Alessandro Distante, Alessia Gimelli, and Antonio L'Abbate 





To define the relation between myocardial viability rest thallium-201 and 
technetium-99m sestamibi uptakes and dobutamine echocardiography, 14 
patients with ventricular dysfunction were studied with different approaches. 
Each patient underwent, on separate days, rest early (10-minute) and delayed 
(16-hour) thallium-201 scan, rest sestamibi scintigraphy, dobutamine echocar- 











diography and coronary angiography. Before aana. 35 pneus. B 
were dyssynergic on echocardiography. Recovery of regional function after 
coronary recanalization was used as the gold standard for viable myocardi- 
um. Delayed thallium-20l activity and echocardiographic response to dobu- 
tamine showed good sensitivity and specificity in the preoperative charac- 
terization of viable myocardium; early thallium-201 scan and sestamibi 
showed the highest rate of false-positive and false-negative results. 






tients ‘Undergoing Interventional Procedures 
aes B. Hermiller, Christopher E. Buller, Alan N. Tenaglia. Katherine B. Kisslo, Harry 
R. Phillips, Thomas M. Bashore, Richard S. Stack, and Charles J. Davidson 


Selective, coronary arteriographic, mechanically driven, catheter-based, 
intravascular ultrasound images were obtained to determine the presence 
and extent of angiographically undetected or underestimated left main (LM) 
coronary arterial narrowing in 38 patients undergoing coronary interven- 
tional therapy. Abnormal coronary arteriograms were digitized and quanti- 
tated using a semiautomated edge -detection algorithm. Intravascular ultra- 
sound detected plaque in 24 of 27 angiographically normal LM arteries 
(89%), whereas narrowing was observed in H of H angiographically abnor- 
mal LM arteries (100%). Eight of thirty-eight patients (21%) had >40% area 
stenosis by intravascular ultrasound. In patients with angiographic disease, 
there was no correlation between quantitative angiographic and ultrasound 
percent area stenosis (r = 0.12; p = 0.72; SEE 19%). The median plaque area 
was not different between angiographically normal (0.05 cm?; 0.03, 0.08 
[25th, 75th percentile]) and abnormal (0.06 cm*; 0.03, 0.1) patients. The 
median percent area stenosis in arteriographically normal subjects (26%; 14, 
. 3296) was less than that in abnormal ones (37%; 20, 46%) (p = 0.03). Unrec- 
 ognized LM disease is widespread and often underestimated in patients with 
normal LM angiograms undergoing interventional procedures. Plaque area 
is similar for angiographically normal and insignificantly abnormal vessels. 
Intravascular ultrasound appears to overcome the limitations of silhouette 
imaging and can be a clinically useful, adjunctive method to evaluate LM 
coronary artery disease. 
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Transient Myocardial Ischemia During ^ 
Sta | | aeta 















Kenneth "redi and Poul Erik Andersen, Jr 


The anti-ischemic effect of nifedipine and metoprolol on ambulatory elec- 
trocardiog raphic ischemia was studied in 41 patients with stable angina and. 
proven coronary artery disease, and was related to the presence of coronary 
collateral flow. Seventeen patients had angiographically poor or no collat- 
eral flow ( (group 1), and 24 had good collateral flow (group 2). Nifedipine 
~ reduced ambulatory ischemic activity in 8 patients with no collateral flow 
7 (p <0.05 y whereas. increases in both total (p «0.05) and silent (p <0.01) 
a ischemia were - observed i in 12 with good collateral flow. Reflex tachycardia 
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for recurrent MI prophylaxis 


= Endoscopic studies confirm that plain aspirin can cause 
significant GI damage — even at low daily doses: 


B Enteric coating helps protect the gastric mucosa. 
B Provides antiplatelet activity equivalent to plain aspirin? 
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was not observed at the onset of ischemia. Metoprolol reduced both -— 2 


(p «0.01) and silent (p «0.01) ischemia independent of coronary collateral —— 
flow. The findings indicate a relation between coronary collateral flow and d 
the anti-ischemic effect of nifedipine that may explain the conflicting results — 


in patients with chronic stable angina. Increased ischemic activity during 
nifedipine therapy may be due to a coronary steal phenomenon. 


Comparison of Two Mechanical Ultrasound Devices With 
and Without Echogenic Contrast Dye 

Karl M. Schmid, Jürgen Mewald, Wolfram Voelker, Hans-Jórg Paul, Manfred 
Wehrmann, Burkhart Bültmann, and Karl R. Karsch 


To evaluate the impact and limitations of intracoronary ultrasound, 64 seg- - 
ments of 13 isolated coronary arteries were examined comparing 2 mechan- 
ical devices (device A, 30 MHz SFr [CVIS]; device B, 20 MHz 4.8Fr [Dia- 
sonics/Boston Scientific]) with the corresponding histologic specimens. After 
application of contrast dye (Laevovist®, Schering AG, Germany), correla- 
tion of luminal area between histology and ultrasound improved from r = 0.62 
to r=077 (device B, p «0.05) and from r= 0.82 to r 2 0.88 (device A; 
p = NS). Low accuracy of lumen measurements in segments «2.5 mm could 
be improved by application of contrast dye. For the assessment of wall 
thickness only in segments >2.5 mm, a reliable correlation between ultra- 
sound and histology was found (device A. r= 0.80; device B, r 2 0.60). 
Sensitivity of plaque (n = 51) detection was lower for device B (63%) than 
for device A (82%, p «0.05), and measurements correlated with histology 
only for device A. There are considerable differences in the accuracy of © 
ultrasound measurements between mechanical systems. Nevertheless, addi- 
tional application of contrast dye can improve accuracy of luminal mea- 
surements. 





ARRHYTHMIAS AND CONDUCTION DISTURBANCES 
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Left Atrial ‘pene? Flow Velocity Assessment Using 
Tre 'ardiography in Nonrheumatic Atrial 





Fibrillation and d Systemic Embolism 
Patrick M. J. Verhorst, Otto Kamp, Cees A. Visser. and Freek W. A. Verheugt 


Transesophageal echocardiography was performed in 54 patients with non- 
rheumatic atrial fibrillation (16 patients with and 38 without documented 
systemic embolism), evaluating the presence of left atrial (LA) appendage 
thrombus, LA spontaneous contrast, LA size, systolic and diastolic peak 
velocity of the left pulmonary vein, and forward and backward peak veloc- 
ity of the LA appendage. No difference was noted in LA appendage throm- 
bus, LA size, or peak flow velocities of the left pulmonary vein between 


the 2 groups. In the group with embolism, significantly more patients had — 
. LA spontaneous contrast (p = 0.01) and lower peak flow velocities of the. n 


' LA appendage (p «0.05). Measurement of LA appendage flow velocity using - E 


Continued on page A21 
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with active liver disease or unexplained persistent transaminase elevations; in pregnant or lactating patients; and 
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For complete details on MEVACOR, including cautionary information regarding myopathy, drug interactions, and 
liver enzyme monitoring, please refer to the Prescribing Information. 
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MEVACOR" 
(LOVASTATIN) 


CONTRAINDICATIONS: Hypersensitivity to any camponent of this medication. 

Active liver disease of unexplained persistent sievations of serum transami- 
nases (see WARNINGS) 

Pregnancy and lactation 

Atherosclerosis is a chronic process, and the discontinuation of fipid-lower- 
ing drugs during pregnancy should have ittie impact on the outcome of tong- 
term therapy of primary hypercholesteroiemia. Moreover, cholesterol and other 
products of the cholesterol biosynthesis pathwayare essential components for 
fetal development, including synthesis of steroids and cell membranes. 
Because of the ability of inhibitors ot HMG-CoA :eductase such as MEVACOR 
to decrease the synthesis of cholesterol and possibly other products of the 
cholesterol biosynthesis pathway, MEVACOR may cause fetal harm when 
administered to a pregnant woman. Therefore, <ovastatin is contraindicated 
during pregnancy. Lovastatin should be administered to women of childbearing 
age only when such patients are highly unlikel- to conceive. ff the patient 
becomes pregnant while taking this drug. lovastatin should be discontinued. 
and the patient should be apprised of the potentiaEhazard to the fetus. 


WARNINGS: Liver Dysfunction: Marked persister: increases (to more than 3 
times the upper limit of normali in serum transaminases occurred in 1.9% of 
adult patients who received lovastatin tor at least ! year in early clinical trials 
isee ADVERSE REACTIONS). When the grug was interrupted or 
discontinued in these patients, the transaminase tevels usually fell slowly to 
pretreatment levels. The increases usually appeared 3 to 12 months after the 
start af therapy with lovastatin and were not assogiated with jaundice or other 
clinical signs or symptoms. There was no evidenes of hypersensidivity. In the 
EXCEL study (see CLINICAL PHARMACOLOGY. Clinical Studies in the tut 
Prescribing Information), the incidence of marked persistent increases in 
serum transaminases over 48 weeks was Q 1% for placebo. O 1% at 20 
mg/day, 0.9% at 40 mg/day, and 1.5% at BO mg/day in patients on lovastatin. 
However. in post-marketing experience with MEVACOR, symptomatic liver dis- 
ease has heen reported ul at all dosages (see ABVERSE REACTIONS) 

it is recommended that liver function tests be serformed miring ag 
with jovastatin. Serum transaminases, including ALT (SGPT), shouid be 
monitored before treatment begins, every 6 week: during the first 3 months, 
avery 8 weeks during the remainder of the first yaar, and periodically there- 
after {¢.g., at approximately 5-month intervals). :oecial attention should be 
paid to patients who develop elevated serum transaminase levels. and, in these 
patients, measurements should be repeated promptly and then performed 
more frequently. If the transaminase levels show evidence of progression, par- 
ticularly if they rise to 3 times the upper limit of normal and are persistent, the 
drug should be discontinued. Liver biopsy should be considered if elevations 
are persistent beyond the discontinuation of the drug. 

The drug should be used with caution in patients who consume substantial 
quantities of alcohol and/or have a past history ot liver disease Active liver dis- 
ease or unexplained transaminase elevations are contraindications to the use 
of lovastatin. 

As with other lipid-lowering agents, moderate (jess than 3 times the upper 
limit of normat elevations of serum transaminases kave been reported folow- 
ing therapy with MEVACOR (see ADVERSE REACTIONS). These changes 
appeared soon after inibation of therapy with MEVAEOR, were often transient, 
were not accompanied by any symptoms, and intesruption of treatment was 
not required. 


Skeletal Muscie; Rhabdomyolysis has been associated with lovastatin ther- 
apy aione, when combined with immunosuppre:ssive therapy including 
cyclosporine in cardiac transplant patients, and when combined ia non- 
transplant patients with either gemtibrozil or lipid-lcwering doses ead 
of nicotinic acid. Some of the aHected patients had areexisting renal insuffi- 
ciency, usually as a consequence of long-standing diabetes. Acute renal 
failure from rhabdomyolysis has been seen more commoniy with the iowa- 
siatin-gemfibrozit combination and has also beer reported in transplant 
patients receiving fovastatin plus cyclosporine. 

Rhabdamyolysis with or without renal impairment has been reported in 
seriously ill patients receiving erythromycin concanitantly with lovastatin. 
Therefore, patients receiving concomitant lovastatin and erythromycin should 
be carefully monitored. 

Fulminant rhabdomyolysis has been seen as eariy as 3 waeks after initi- 
ation of combined therapy with gemfibrozil and lovastatin, but may be sean 
atter several months. For these reasons, it is feit that, in most subjects who 
have had an unsatisfactory lipid response to either drug alone, the possible 
benefits of combined therapy with lovastatin and cemfibrozil do not out- 
weigh the risks of severe my , rhabdomyolysis, and acute rena! fait- 
ure. While it is not known w t this interaction occurs with fibrates other 
than gemfibrozit, myopathy and rhabdomyolysis have occasionally been 
associated with the use of other fibrates alone, including ciotibrats. 
Theretore, the combined use of lovastatin with other fibrates should gener- 
ally be avoided. 

Physicians contemplating combined therapy with lovastatin and lipid- 
lowering dases of nicotinic acid or with immunosugpressive drugs should 
taretuily weigh the potential benefits and risks and should carefully monitor 
patients for any signs and symptoms of muscie pain. tenderness, or weak- 
ness, particularly during the initial months of therapy and during any pari- 
ods of one dosage titration of either drug. Periodic creatine phosphoki- 
nase (CPX) determinations be considered in such situations, but there 
is no assurance that such monitoring will prevent the occurrence of severe 
myopathy. The monitoring of lovastatin drug and metabolite levels may be 
considered in transplant patients who are treated with immunosuppressives 
and lovastatin. 

Lovastatin therapy should be temporarily withheld ar discontinued in any 
patient with an acute, serious condition suggestive ofa myopathy or having 
a risk factor predisposing to the development of rena? failure secondary to 
rhabdomyolysis, including: severe acute intection. hypotension, major 
surgery, trauma, severe metabolic, endocrine, and electrolyte disorders, and 
uncontrolled seizures. 

Myaigia has been associated with lovastatin therapy Transient, mildly ele- 
vated CPK levels are commonly seen im lovastatin-treatec patients. However, in 
early clinical trials, approximately 0.5% of patients developed a myopathy, ie.. 
myalgia or muscle weakness associated with markedly efevated CPK levels. in 
the EXCEL study (see CLINICAL PHARMACOLOGY, Ciimcal Studies in the full 
Prescribing information), 5 patients (0.195) taking lovastatin alone (1 at 40 mg 
q.p.m. and 4 at 40 mg b.i.d.) developed Ware imuscte symptoms and CPK 
levels »10 times the upper imit of normal). Myopathy should be considered in 
any patient with diffuse myalgias. muscle tenderness or weakness, and/or 
marked elevation of CPK. Patients should be advised tc report promptly any 
unexplained muscle pain, tenderness. or weakness, particularly if accompanied 
by malaise or fever. Lovastatin therapy should be discontinued i! markediy ele- 
vated CPK levels occur ot myopathy is diagnosed or suspected. 

Most of the patients who have developed myopathy (iicluding rhabdomyo- 
iysisi while taking lovastatin were receiving concomitant therapy with immuno- 
suppressive drugs. gemfibrozil, or lipid-lowering doses of nicotinic acid. in 
clinica} trials. about 30% of patients on concomitant immunosuppressive ther- 
apy including cyclosporine developed myopathy. the cosesponding percent- 
ages for gemfibrozil and niacin were approximately 5% ang 2%, respectively. 

in 8 patients with cardiac transplants taking immuncsuppressive therapy 
including cyclasporine concomitantly with lovastatin 20 mg/day, the average 
plasma level of active metabolites derived from lovastatin was elevated to 
approximately 4 times the expected levels. Because of an apparent relationship 
between increased plasma levels of active metabolites derived trom lovastatin 
and myopathy, the daily dosage in patients taking immunasuppressants should 
not exceed 20 mg/day (see DOSAGE AND ADMINISTRATION). Even at this 
dosage, the benefits and risks of using lovastatin in patients taking immuno- 
suppressants should be carefully considered. 


PRECAUTIONS: General: Before instituting therapy with M? VACOR. an attempt 
should be made to control hypercholesterolemia with aparopriate diet, exer- 
tise, and weight reduction in obese patients, and to treat other underiying 
medical problems (see INDICATIONS AND USAGE in the fuil Prescribing 
Information) 

Lovastatin may elevate CPK and transaminase levels (see WARNINGS and 
ADVERSE REACTIONS). This should be considered in the cifferential diagnosis 
of chest pain in a patient on therapy with lovastatin. 


Homozygous Familial Hypercholesterolemia: MEVACOR s jess effective in 
patients with the rare homozygous familial hyperchoiestsrotemia. possibly 
because these patients have no functional LOL receptors. MEVACOR appears 
to be more likely to raise serum transaminases (see ADVERSE REACTIONS) in 
these homozygous patients. 


information for Patients: Patients should be advised to resort promptly any 


unexplained muscle pain. tenderness, or weakness particularly if accompanied 
by malaise or lever. 


Drug interactions: immunosuppressive Drugs, Genfibrozii Niacin {Nicotinic 
Acidi, Erythromycin: See WARNINGS, Skeletal Muscle. 

Coumarin Anticoagulants. in à small clinical tral in which lovastatin was 
administered to warfarin-treated patients, no effect on prothrombin time was 
detected. However, another HMG-CoA reductase inhibitor has been found 
t6 produce a jess than 2-secand increase in prathrombin time in healthy 
volunteers receiving iow doses of wartarin. Also, Dieeding and/or increased 
prothrombin time have been reported in a few patiests taking coumarin antico- 
aguiants concomitantly with lovastatin. Ris recommended that in patients 
taking anticoagulants. prothrombin time be determined before starting fova- 
statin and trequently enough during early therapy te ensure that no significant 
alteration of prothrombin time occurs. Once a staple prothrombin time has 
teen documented, prothrombin times can be monitcred at the intervals usually 
recommended for patients on coumarin anticoagudants. H the dose of lova- 
statin is changed, the same procedure should be reneated. Lovastatin therapy 
has not been associated with bleeding or with changes in prothrombin time in 
patients not ta&ing anticoagulants 

Antipyrine: Because lovastatin had no effect on the pharmacokinetics of 
antipyrihe or its metabolites, interactions of other irugs metabolized via the 
same cytochrome isazymes are not expected. 

Propranolol in normal volunteers, there was no clinically significant phar- 
macokinetic or pharmacodynamic interaction with cancomitant administration 
0t single doses of lovastatin and propranolol. 

Digoxin: in patients with hypercholesterotemia, cencomitant administration 
of lovastatin and digoxin resulted in no effect on digon plasma concentrations 

Other Concomitant Therapy: Although specific interaction studies were not 
performed, in clinical studies lovastatin was used concomitantly with bela 
blockers. calcium channel blockers, diuretics, and nensteroidal anti-inflamma- 
tary drugs (NSAIDs) without evidence of clinically signi'icant adverse interactions. 


Endocrine Function: HMG-CoA reductase inhibitors interfere with cholesterol 
synthesis and as such might theoretically blunt adrenal and/or gonadal steroid 
production. Results of clinical trials with drugs in this class have been incon- 
sistent with regard to drug effects on basal and reserve steroid levels. 
However, clinical studies have shown that jovastatis does not reduce basa! 
plasma cortisol concentration or impair adrenal reserve and does not reduce 
basa! plasma testosterone concentration. Another HMG-CoA reductase 
inhibitor has been shown to reduce the plasma testosterone response to HOG. 
in thé same study, the mean testosterone response to HCG was slightly but not 
significantly reduced alter treatment with lovastatin 4c mg dany for 16 weeks 
in 21 men. The effects of HMG-CoA reductase inhibiters on male fertility nave 
Rot been studied in adequate numbers of male patients The effects, if any, on 
the pituitary-gonadal axis in premenopausal womensare unknown. Patients 
treated with lovastatin who develop clinical evidence c endocrine dysfunction 
should be evaluated appropriately Caution should also be exercised if an HMG- 
CoA reductase inhibitor or other agent used to lower cholesterol ievels is 
administered to patients also receiving other drugs (e.g.. ketoconazole, 
spironolactone. cimetidine} that may decrease the leveis or activity of endoge- 
nous steroid hormones. 


CNS Toxicity: Lovastatin produced optic nerve degenemtion (Wallerian degeri 
gration of retinogeniculate fibers) in clinically normal degs in a dose-dependent 
fashion starting at 60 mg/kg/day, a dose that produced mean plasma drug iev- 
els about 30 times higher than the mean drug level ia humans taking the high- 
est recommended dose (as measured by total enzyme inhibitory activity). 
Vestibulocochiear Wallerian-like degeneration and retina! ganglion cell chroma- 
tolysis were also seen in dogs treated for 14 weeks at 80 mg/kg/day. a dose 
that resulted in a mean plasma drug level {Cmax} similar ‘a that seen with the 60 
mg/kg/day dose. 

CNS vascular lesions, characterized by perivascular hemorrhage and 
edema, mononuciear ceil infiltration of perivascular spaces. perivascular bran 
deposits, and necrosis of small vessels, were seen in dogs treated with love- 
statin at a dose of 180 mg/kg/day. a dose that produced plasma drug levels 
(Ena) about 30 times higher than the mean values in humans taking 80 mg/day 

Similar optic nerve and CNS vascular lesions have bean observed with other 
drugs of this class. 


Carcinogenesis, Mutagenesis, impairment of Fertility: In a 21-month caremo- 
genic study in mice, there was a statistically significant increase in the inci 
dence of hepatocellular carcinomas and adenomas in both males and females 
at $06 mg/kg/day. This dose produced a total plasma “rug exposure 3 to 4 
times that of humans given the highest recommended dese of lovastatin (drug 
exposure was measured as total HMG-CoA reductasesinhibitary activity in 
extracted plasma). Tumor increases were nof seen at 26 and 100 mg/kg/day. 
doses that produced drug exposures of 0.3 to 2 times tha: of humans at the 80 
mg/day dose. A statistically significant increase in pulmenary adenomas was 
seen in female mice at approximately 4 times the human drug exposure. 
(Although mice were given 300 times the human dose [FO] on an mg/kg body 
weight Basis. plasma levels of total inhibitory activity were only 4 times higher 
in mice than in humans given BO mg of MEVACORS [Lovastatint j 

There was an increase in incidence of papilloma :n the nongtandular 
mucosa of the stomach of mice beginning at exposures ci 1 to 2 times that of 
humans. The glandular mucosa was not affected. The human stomach con- 
tains only glandular mucosa. 

in a 24-month carcinogenicity study m rats, there veas a positive dose- 
response relationship for hepatoceliular carcinogenicity in males at drug axpo- 
sures 2 to 7 times that of human exposure at 8G mg/day loses in rats were 5, 
30. and 180 mg/kg/day}. 

A chemically similar drug in this class was administered fo mice for 72 
weeks at 25, 100, and 400 mg/kg body weight, which resulted in mean serum 
drug levels approximately 3. 15, and 33 times higher than the mean human serum 
drug concentration (as total inhibitory activity? affer a 40^ng oral dose. Liver 
carcinomas were significantly increased in high-dose females and mid- anc 
high-dose males, with a maximum incidence of 90% in mates. The incidence of 
adenomas of the liver was significantly increased in muid- and high-dose 
temales Drug treatment aiso significantly increased the incidence of lung ade- 
nomas in mid- and high-dose males and females. Adenomas of the Harderian 
gland ia gland of the eye of rodents) were significantly aigher in high-dose 
mice than in controis. 

No evidence of mutagenicity was observed in a micrabiai mutagen test 
using mutant strains of Salmonella typhimurium with or without rat of mouse 
liver metabolic activation. In addition. no evidence of damage to genetic mate- 
riat was noted in an dn vitro alkaline elution assay using rai or mouse hepato- 
cytes, a V-79 mammalian ceil forward mutation study, an ir vitro chromosome 
aberration study in CHO celis, or an in vivo chromosomal aberration assay in 
mouse bone marraw. 

Drug-related testicular atrophy, decreased spermatogenesis, spermatocytic 
degeneration, and giant celi formation were seen in degs starting at 20 
mg/kg/day. Similar findings were seen with another drug in this class. No drug- 
related effects on fertility were found in studies with lovastatin in rats. However, 
in studies with a similar drug in this class. there was decreased fertility in male 
rats treated for 34 weeks at 25 mg/kg body weight, althoughthis effect was not 
observed in a subsequent fertility study when this same dose was administered 
for 11 weeks (the entire cycle of spermatogenesis, including epididymal matura- 
tion) in rats treated with this same reductase inhibitor at 186 mg/kg/day. sem 
niferous tubule degeneration (necrosis and loss of spermatogenic epithelium) 
was observed. No microscopic changes were observed in tha testes from rats 
of either study. The clinical significance of these findings is urzlear. 


Pregnancy: Pregnancy Category X: See CONTRAINDICATION:. 

afety in pregnant women has not been established. Lovastatin has been 
shown to produce skeletal malformations at plasma levels 4C times the human 
exposure (for mouse fetus) and 80 times the human exposure (for rat fetus) 
based on mg/m’ surface area (doses were 800 mg/kg/day) No drug-induced 
changes were seen in either species at multiples of 8 times (rat) or 4 times 
(mouse) the human exposure based on surface area. No evidence of malfor- 
mations was noted in rabbits at exposures up to 3 times theihuman exposure 
(dose of 15 mg/kg/day. highest tolerated dose]. MEVACOR skouid be adminis: 
tered to women of childbearing potential only when such patients are highly 
unlikely fo conceive and have been informed of the potential hazards. H the 
woman becomes pregnant while taking MEVACOR, # should 5e discontinued. 
and the patient advised again as to the potential hazards to thefetus. 


Nursing Mothers: it is not known whether lovastatin is excreted in human milk 
Because à smali amount of another drug in this class is excreted in human 
breast milk and because of the potential for serious adverse rsactions m nurs- 
"9 infants, women taking MEVACOR should not nurse their ifants (see CON- 
TRAINDICATIONS) 


Pediatric Use: Satety and effectiveness in children and adolescents have not 
been established. Because children and adolescents are not likely to benefit 
from cholesterol lowering for at least a decade and because experience with 
this drug is limited (no studies in subjects below the age of 20 years}. treat- 
ment of children with lovastatin is not recommended at this tima. 


ADVERSE REACTIONS: MEVACOR® (Lovastatin) is generally well tolerated: 
adverse reactions usually have been miid and transient. Less than 1% of 
patients were discontinued from controlled clinical studies of up to 14 weeks 
due to adverse experiences attributable to MEVACOR. About 3% of patients 
were discontinued from extensions of these studies due io adverse experi- 
ences attributable to MEVACOR: about half of these patients were discontinued 
due to increases in serum transaminases. The median duration of therapy in 
these extensions was 5.2 years. 

In the EXCEL study (see CLINICAL PHARMACOLOGY, Clinical Studies in the 
fuit Prescribing information), 4.6% of the patients treated up to 48 weeks were 
discontinued due to clinical or laboratory adverse experiences that were rated 
M the investigator as possibly, probably, or definitely related to therapy with 

£VACOR. The value for the piacebo group was 2.5%. 


Clinical Adverse Experiences: Adverse experiences reported in patients (94) 
treated with MEVACOR (n«613j in controlled clinical studies are: 
Gastrointestinal: constipation, 4.9; diarrhea, 5.5: dyspepsia, 3.9. flatus, 6.4, 
abdominat pai/cramps, 5.7; heartburn. 1.6: nausea, 4.7; Musculoskeletal: 
muscle cramps. 1.1; myalgia, 2.4; Nervous System/Psychiatric. dizziness, 2.0; 
headache, 8.3; Skin rash/pruritus, 8 2: Special Senses: blurred vision, t 5: 
dysgeusia, 0.8. 


Laboratory Tests: Marked persistent increases of serum transaminases have 
been noted isee WARNINGS). 

About 17% of patients had elevations of creatine phosphokinase (CPO 
levels of at ieast twice the norma! value on one or more occasions. The corre- 
sponding values for the control agents were cholestyramine, 995, and probu- 
col, 2%. This was attributable to the noncardiac fraction of CPK. Large increases 
in CPK have sometimes been reported (see WARNINGS, Skeletai Muscie}. 


Expanded Clinical Evaluation of Lovastatin (EXCEL) Study: Clinical Adverse 
Experiences. MEVACOR was compared to placebo in 8,245 patients with 
hypercholesteroternia (total cholesterol 240 to 300 mg/dL (6.2-7.8 mmol} in 
the randomized, double-blind. paratiel, 48-week EXCEL study. Clinical adverse 
experiences reported as possibly. probably, or definitely drug related in 2 1% of 
any treatment group are shown in the table below. For no event was the mer 
dence on drug and placebo statistically different. 


MEVACOR 
Placebo 2Z0mgapm 40mgqpm 20mgtid mgb 


ins 1663) !nz1642: — in«t645) — [nct 546) — mt 6491 
% k^ b k^ E 

Body as a Whale 

Asthenia 1.4 17 1.4 15 12 
Gastrointestinal 

Abdominal pain — 16 20 20 22 25 

Constipation 18 20 32 3.2 35 

Diarrhea 23 26 24 2.2 26 

Dyspepsia 1.9 13 13 10 16 

Flatulence 42 37 43 39 45 

Nausea 25 19 25 22 22 
Musculoskeletal 

Muscie cramps 0.8 06 08 11 i0 

Myaigia 17 26 18 22 30 
Nervous System; 
Psychiatric 

Duziness 07 07 12 6.5 G5 

Headache 27 26 28 2.1 32 
Skin 

Rash 07 0. 10 12 Ha 
Special Senses 

Biurred vision 08 14 G9 09 12 


Other clinical adverse experiences reported as possibly. probably. or defi- 
nitely drug related in 0.5 to 1% of patients in any drug-treated group are listed 
below. in all these cases, the incidence on drug and placebo was not statistical- 
iy different. Body as a Whole. chest pain; Gastrointestinal: acid regurgitation, 
dry mouth, vomiting. Musculoskeletal: ieg pain, shoulder pain, arthralgia, 
Nervous System/Psychiatric: insomnia, paresthesia. Skin: alopecia. pruritus; 
Special Senses. eye irritation. 


Concomitant Therapy: In controlled clinical studies in which lovastatin was 
administered concomitantiy with cholestyramine, no adverse reactions peculíar 
to this concomitant treatment were Observed. The adverse reactions that 
occurred were limited to those reported previously with lovastatin 
or cholestyramine. Other lipid-lowering agents were not administered con- 
comitantly with lovastatin during controlled clinical studies. Preliminary data 
Suggest that the addition of either probucoi or gemfibrozil to therapy with 
lovastatin is not associated with greater reduction in LOL cholesterol than that 
achieved with Jovastatin alone. in uncontrolled clinical studies. most at the 
patients who have developed myopathy were receiving concomitant therapy 
with immunosuppressive drugs. gemfibrozil. or niacin (nicotinic acid) (see 
WARNINGS, Skeletal Muscle). i 


The foltowing effects have been reported with drugs in this class: 

Skeletal: myopathy, rhabdomyotysis, arthralgias 

Neurological: dystunction of certain cranial nerves (including alteration of 
taste, impairment of extraocular movement. facial paresis}, tremor, vertigo. 
memory toss. paresthesia, peripheral neuropathy, peripheral nerve palsy, anxi- 
ety, insomnia, depression. 

Hypersensitivity Reactions. an apparent hypersensitivity syndrome has been 
reported rarely that has included one or more of the following features: ana- 
phylaxis. angioedema, lupus eryihematous-like syndrome, polymyaigia 
rheumatica, vasculitis. purpura. thrombocytopenia, leukopenia, hemolytic ane- 
mia, positive ANA. ESR increase, arthritis, arthralgia, urticaria, asthenia. photo- 
sensitivity, fever, chills, flushing, malaise, dyspnea. toxic epidermal necrolysis. 
erythema multiforme, including Stevens-Johnson syndrome. 


Gastrointestinal: pancreatitis. hepatitis, including chronic active hepatitis, : 
cholestatic jaundice, fatty change in liver; and rarely, cirrhosis. fulminant hep- | 


atic necrosis, and hepatoma, anorexia, vomiting. 
Skin: alopecia. 
Reproductive: gynecomastia, toss of libido, erectile dysfunction. 
Eye. progression of cataracts (lens opacities}. ophthalmoplegia. 


Laboratory Abnormalities. elevated transaminases. alkaline phosphatase. and 
bilirubin; thyroid function abnormalities. 


OVERDOSAGE: After orat administration of MEVACOR to mice. the median 
lethal dose observed was »15 g/m? 

Five healthy human volunteers have received up to 200 mg of lovastatin as 
a single dose without clinically significant adverse experiences. A few cases of 
accidental overdosage have been reported; no patients had any specific symp- 
toms, and alt patients recovered without sequelae. The maximum dose taken 
was 5 ta 6 g. 

Until further experience is obtained. no specihic treatment of overdosage 
with MEVACOR can be recommended. 

The dialyzabiity of tovastatin and its metabolites in man is not known at present. 


DOSAGE AND ADMINISTRATION: The patient should be placed on a standard 
cholesteroi-towering diet before receiving MEVACOR and should continue on 
this diet during treatment with MEVACOR. MEVACOR should be given with meals. 

The recommended starting dose is 20 mg once a day given with the evening 
meal The recommended dosing range is 20 to BO mg/day in single or divided 
doses; the maximum recommended dose is 80 mg/day. Adjustments of dosage 
should be made at intervals of 4 weeks or more. Doses shouid be individual- 
ied according to the patients response (see Tables | to IV under CLINICAL 
PHARMACOLOGY, Clinical Studies in the full Prescribing Information for dose- 
response results). 

in patients taking immunosuppressive drugs concomitantly with lovastatin 
isee WARNINGS. Skeletal Muscie), therapy should begin with 10 mg of 
MEVACOR and shouid not exceed 20 mg/day. 

Cholesterol levels should be monitored EA and consideration 
should be given to reducing the dosage of MEVACOR it cholesterol levels fail 
below the targeted range. 


Dosage in Patients with Renal insufficiency: in patients with severe renal insuf- 
ficiency (creatinine clearance «30 mL/min}, dosage increases above 20 mg/day 
should be carefully considered and, if deemed necessary, implemented cau- 
tiousty (see CLINICAL PHARMACOLOGY in the full Prescribing information and 
WARNINGS, Skeletai Muscte). 


For more detailed intormation, consult your MSO Representative or see the 
Prascribing information. 
Merck Sharp & Dohme. Division of Merck & Co.. inc., West Point, PA 19486. 


* Registered trademark of MERCK & CQ.. Inc. 
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transesophageal echocardiography may potentially identify patients with non- 
rheumatic atrial fibrillation at high risk for embolism. 


197 a 
Comparison of Biphasic and Monophz 

Defibrillation Using a Nonthoracotor ny: | 

D. George Wyse, Katherine M. Kavenagh, Nine M. Gillis, t Brent Mitchell Henry J. 
Duff, Robert S. Sheldon, Teresa M. Kieser, Andrew Maitland, Patricia Flanagan, John 
Rothschild, and Rahul Mehra 





Biphasic shocks for defibrillation using a Po system had a lower 
(p «0.001) defibrillation threshold (stored energy) than did monophasic shocks 
in patients having a defibrillator implanted (12. 3 5.3 vs 21.1 + 93 J) who 





were studied with their chests closed and in those undergoing coronary 


artery bypass grafting (14.6 + 7.1 vs 24.2 + 12.6 J) who were studied with 
their chests open but reapproximated. These values are less than were pre- 


viously reported using a similar nonthoracotomy lead configuration. There 
were important. clinical differences between the 2 groups of subjects, but 


no differences in measurements of defibrillation. It is concluded that patients 
undergoing coronary artery bypass grafting may be a potential source of 
surrogate subjects for defibrillation research that requires the chest to be 
opened. 
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Effects of Intravenous Milrinone on Left Ventricular 






Stephen J. D. ponis Han B. PN Mouanodi Mbaissouroum, “and Derek G. Gibson | 





The effects of intravenous  phosphodiesterase inhibition on ventricular func- : 


tion in ischemic and. idiopathic dilated cardiomyopathy were studied in 12 
patients with echocardiography : and Doppler. Cardiac index increased, with- 


out change in heart rate or blood pressure. Longitudinal: mitral ring motion, 


which had 





en uniformly reduced, increased markedly after milr 





inone. Left 


ventricular cavity size decreased, and shortening fraction, posterior wall 


thickness, and rates of posterior wall thickening and ‘thinning. increased 


markedly. Left atrial pressure decreased, and isovolumic relaxation time | 


increased. However, the peak velocity and duration of the transmitral E 


wave increased. Improved. longitudinal (subendocardial) function was thus 


reflected by improved posterior wall dynamics, and early filling. Severely 


reduced subendocardial function in dilated cardiomyopathy is reversible, with 
marked effects on systolic and diastolic function. These previously : unrec- 
ognized actions of milrinone provide further evidence to justify its. short- 
term use in supporting the severely depressed myocardium. 


Continued on page A24 
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. BRIEFSUMMARY 
- CONTRAINDICATIONS 


..: Diltiazem hydrochloride is contraindicated ir: (1) patients with sick sinus syndrome except in the 


presence of à functioning ventricular isacemaker; 12) patients with second or third degree AV block 
except in the presence of a functioning ventricular pacemaker; (3) patients with hypotension [tess 
- than 90 mmHg systolic; i4) patients who have demonstrated hypersensitivity to the drug: and (5) 
patients with acute myocardial infarenon and pulmonary congestion as documented by X-ray on 
admission. 
WARNINGS 

1. Cardiac Conduction. Diltiazem hydrochioride prolongs AV node refractory periods without signifi- 
cantly prolonging sinus node recovery time, except in patients with sick sinus syndrome. This effect 
may rarely result in abnormally slow heart rates (particularly in patients with sick sinus syndrome} or 
second, or third degree AV block (22 of 10,119 patients, or 0.2%}; 41% of these 22 patients were 


` -receiving concomitant 8-adrenoceptor antagonists versus 17% of the total group. Concomitant use of 


diltiazem with beta-blockers or digitalis may result in additive effects on cardiac conduction. A patient 

pim Prinzmetal's angina developed peneds of asystole i2 to 5 seconds! after a single 60 mg dose of 
iitiazem. 

2. Congestive Heart Failure. Although ditiazem has a negative inotropic effect in isolated animal tis- 

sue preparations, hemodynamic studies in humans with normal ventricular function have not shown 

a reduction in cardiac index nor consistent negative effects on contractility idp/dt), An acute study of 

oral diltiazem in patients with impaired ventricular function (ejection fraction of 24% + 6%) showed 


^ improvement in indices of ventricular function without significant decrease in contractile function 


. "tdpídt). Worsening of congestive heart filure has been reported in patients with preexisting impair- 
ment of ventricular function. Experience-with the use of diltiazem hydrochloride in combination with 
beta-blockers in patients with impaired ventricular function is limited. Caution should be exercised 
when using this combination. 
3. Hypotension. Decreases in blood pressure associated with diltiazem hydrochloride therapy may 
occasionally result in symptomatic hypotansian. 
4. Acute Hepatic Injury. Mild elevations cf serum transaminases with and without concomitant eleva- 
tion in alkaline phosphatase and bilirutee have been observed in clinical studies. Such elevations 
were usually transient and frequently sesolved even with continued diltiazem treatment. in rare 
instances, significant elevations in alkalise phosphatase, LDH, SGOT, SGPT, and other phenomena 
consistent with acute hepatic injury have been noted. These reactions tended to occur early after 
therapy initiation (1 to 6 weeks! and have been reversible upon discontinuation of drug therapy. The 
relationship to diltiazem is uncertain in some cases, but probable in some others (see PRECAU- 
TIONS). 
PRECAUTIONS 
General. Diltiazem hydrochloride is extensively metabolized by the liver and is excreted by the kid- 
neys and in bile. As with any drug giverever prolonged periods, laboratory parameters should be 
monitored at regular intervals. The drug should be used with caution in patients with impaired renal 
or hepatic function. In subacute and chronic dog and rat studies designed to produce toxicity, high 
doses of diltiazem were associated with nepatic damage. in special subacute hepatic studies, oral 
doses of 125 mg/kg and higher in rats were associated with the histological changes in the liver 
which were reversible when the drug was ciscontinued. In dogs, doses of 20 mg/kg were also associ- 
ated with hepatic changes; however, these changes were reversible with continued dosing. 
Dermatological events (see ADVERSE REACTIONS) may be transient and may disappear despite cor- 
tinued use of diltiazem hydrochloride. However, skin eruptions progressing to erythema multiforme 
and/or exfoliative dermatitis have also been infrequently reported. Should a dermatologic reaction 
persist, the drug should be discontinued. 
Although Dilacor™ XR utilizes a slowly disategrating matrix, caution should still be used in patients 
with preexisting severe gastrointestinal narrowing ipathologic or iatrogenic). There have been no 
reports of obstructive symptoms in patients with known strictures in association with the ingestion of 
Dilacor™ XR, 
Information for Patients. Dilacor* XR capsules should be taken on an empty stomach. Patients 
. should be cautioned that the Dilacor™ XR capsules should not be opened, chewed or crushed, and 
should be swallowed whole. 
.. Drug Interaction. Due to the potential for additive effects, caution and careful titration are warranted 
< in patients receiving diltiazem hydrochloride concomitantly with any agents known to affect cardiac 
contractility and/or conduction (see WARNINGS). Pharmacologic studies indicate that there may be 
additive effects in prolonging AV conduction when using beta-blockers or digitalis concomitantly 
with diltiazem hydrochloride (see WARNINGS). As with all drugs, care should be exercised when 
treating patients with multiple medications. Diltiazem hydrochloride undergoes tiotransformation by 
cytochrome P-450 mixed function oxidase, Co-administration of diltiazem hydrochloride with other 
agents which follow the same route of biotrensformation may result in the competitive inhibition of 
metabolism. Dosages of similarly metabolized drugs, such as cyclosporin, particularly those of low 
therapeutic ratio or in patients with renal and/or hepatic impairment, may require adjustment when 
„Starting or stopping concornitantly administered diltiazem hydrochloride to maintain optimum thera- 
peutic blood levels. 
: Beta-Blockers: Controlled and uncontrolled domestic studies suggest that concomitant use of dilt- 
-ajem hydrochloride and beta-blockers is usually well-toterated, but available data are not sufficient to 
. predict the effects of concomitant treatment in patients with left ventricular dysfunction or cardiac 
' conduction abnormalities. Administration of:diltiazem hydrochloride concomitantly with propranolol 
c 4n five normal volunteers resulted in increased propranolol levels in all subjects and the bicavailabil- 
o. Ry of propranolol was increased approximately 50%. if combination therapy is initiated or withdrawn 
- ih conjunction with propranolol, an adjustment in the propranolol dose may be warranted (see 
WARNINGS), 
Cimetidine: A study in six healthy volunteers has shown a significant increase in peak diltiazem 
plasma levels (58%) and area-under-the-curve (63%) after a 1-week course of cimetidine at 1,200 mg 
per day and diltiazem 60 mg per day. Ranitidine produced smaller, nonsignificant increases. The 
effect may be mediated by cimetidine's known inhibition of hepatic cytochrome P-450, the enzyme 
system responsible for the first-pass metabolism of diltiazem. Patients currently receiving diltiazem 
therapy should be carefully monitored for a change in pharmacological effect when initiating and dis- 
continuing therapy with cimetidine. An adjustment in the diltiazem dose may be warranted. 
Digitalis: Administration of diltiazem hydrochloride with digoxin in 24 healthy male subjects 
increased plasma digoxin concentrations approximately 20%, Another investigator found no inerease 
in digoxih levels in 12 patients with coronary artery disease. Since there have been conflicting results 
regarding the effect of digoxin levels, it is recommended that digoxin levels be monitored when initi- 
^ dating, adjusting, and discontinuing diltiazem hydrochloride therapy to avoid possible over- or under- 
digitalization (see WARNINGS). 
Anesthetics: The depression of cardiac contraatility, conductivity, and automaticity as well as the vas- 
cular dilation associated with anesthetics may be potentiated by calcium channel blockers. When 
used concomitantly, anesthetics and calcium channel blockers should be titrated carefully. 
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SECURITY 


Carcinagenesis, Mutagenesis, impairment of Fertility. A 24-month study in rats and an 18-month 
study ir: mice showed no evidence of carcinogenicity. There was also no mutagenic response in vitro 
or in vivo in mammalian cell assays or in vitro in bacteria. No evidence of impaired fertility was 
observed in male or female rats at oral doses of up ta 100 mg/kg/day. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, rats, and rabbits. 
Adminisration of doses ranging from 4 to 8 times (depending on species) the upper limit of the opti- 
mum dosage range in clinical trials (486 mg q.d. or 8 mg/kg q.d. for a 60 kg patient) has resulted in 
embryo and fetal lethality. These studies have revealed, in one species or another, a propensity to 
cause abnormalities of the skeleton, heart, retina, and tongue. Also observed were reductions in early 
individusl pup weights and pup survival, prolonged delivery and increased incidence of stillbirths. 
There are no well-controlled studies in pregnant women; therefore, use diltiazem hydrochloride in 
pregnan: women only if the potential benefit justifies the potential risk to the fetus, 

Nursing Mothers. Diltiazem is excreted in human milk. One report suggests that concentrations in 
breast rrlk may approximate serum levels. if use of diltiazem hydrochioride is deemed essential, an 
alternative method of infant feeding should be instituted. 

Pediatric:Use. Safety and effectiveness in children have not been established. 

ADVERS: REACTIONS 

Serious adverse reactions to diitiazem hydrochloride have been rare in studies with other formula- 
tions, as well as with Dilacor™ XR. It should be recognized, however, that patients with impaired ven- 
tricular function and cardiac conduction abnormalities have usually been excluded from these stud- 
ies. 

The mosticommon adverse events (frequency 21%) in placebo-controlied, clinical hypertension stud- 
ies with Gilacor™ XR using daily doses up to 540 mg are listed in the table below with placebo- 
treated patients included for comparison. 





MOST COMMON ADVERSE EVENTS 
IN DOUBLE-BLIND, PLACEBO-CONTROLLED HYPERTENSION TRIALS* 


Dilacor'^ XR Placebo 
Adverse Events n=303 n=87 

(COSTART Term) # pts (95) # pts (96) 
rhinitis 29 (9.6) 7 (8.0 

headache 27 (8.9) 12 {13.8} 
pharyngitis 17 (5.6) 414.6) 
constipation 1113.6) 2 {2.3} 
cough increase 9 (3.0) 2 (2.3) 
flu syndrome 7 (2.3) 10.8 
ederna, peripheral 7 (2.3) 0 (0.0) 
myalgia 70.3) 0 10.0) 
diarrhea 8 12.0) 0 (0.0) 
vomiting 6 (2.0) 0 (0.0) 
sinusitis 620! Ty 
asthenia 5017} 010.0) 
pain, back 511.7) 2 {2.3} 
ngusea Bi} 10.1) 
dyspepsia 40.3) 0 (0.0) 
vasoditatation 4(13l 0 (0.0) 
injury, accident 40.3) 0 (0.0! 
pain, abdominal 30.0 6 (0.0) 
arthrasis 300 § (0.0) 
insomnia 3010) 0 (0.0) 
dyspnea 3 (4,0) 0 (0.0! 
rash 311.0) Td) 
tinnitus 341.0) Q (0.0) 


* Adverse events occurring in 1% or more of patients receiving Dilacor™ XR. 


The following additional events (COSTART Terms), listed by body system, were reported infre- 
quently in al’ subjects and hypertensive patients who received Dilacor™ XR (n«425): Cardiovascular: 
First-degree AV block, arrhythmia, postural hypotension, tachycardia, pallor, palpitations, phlebitis, 
ECG abnormality, ST elevation; Nervous System: Vertigo, hypertonia, paresthesia, dizziness, somno- 
lence; Diges:ive System: Dry mouth, anorexia, tooth disorder, eructation; Skin and Appendages: 
Sweating, urticaria, skin hypertrophy (nevus); Respiratory System: Epistaxis, bronchitis, respiratory 
disorder; Urcgenital System: Cystitis, kidney calculus, impotence, dysmenorrhea, vaginitis, prostate 
disease; Metabolic and Nutritional Disorders: Gout, edema; Musculoskeletal System: Arthralgia, bur- 
sitis, bone pain; Hemic and Lymphatic Systems: Lymphadenopathy; Body as a Whole: Pain, unevalu- 
able reaction, neck pain, neck rigidity, fever, chest pain, malaise; Special Senses: Amblyopia (blurred 
vision), ear pain. 

OVERDOSAGE OR EXAGGERATED RESPONSE 

Overdosage experience with oral diltiazem hydrochloride has been fimited. The administration of 
ipecac to induze vomiting and activated charcoal to reduce drug absorption have been advocated as 
initial means of intervention. In addition to gastric lavage, the following measures should also be 
considered: 

Bradycardia: Administer atropine (0.60 to 1.0 mg). ff there is no response to vagal blockade, adminis- 
ter isoproteremol cautiously. 

High-Degree AV Block: Treat as for bradycardia above. Fixed high-degree AV block should be treated 
with cardiac pacing. 

Cardiac Failure: Administer inotropic agents (dopamine or dobutamine) and diuretics. 

Hypotension: V'asopressors (e.g. dopamine or levarterenol bitartrate). 

Actual treatment and dosage should depend on the severity of the clinical situation as well as the 
judgment and experience of the treating physician, 

Due to extensive metabolism, plasma concentrations after a standard dose of diltiazem can vary over 
tenfold. which significantly Smits their value in evaluating cases of overdosage. 

Charcoal hemcperfusion has been used successfully as an adjunct therapy to hasten drug elimina- 
tion. Overdoses with as much as 10.8 gm of oral diltiazem have been successfully treated using 
appropriate supportive care. 


CAUTION: FEDERAL (U.S.A.) LAW PROHIBITS DISPENSING WITHOUT PRESCRIPTION. 


Please see procuct circular for full prescribing information. 


(Pe RHONE-POULENC RORER 


RHÓNE-POULENC RORER PHARMACEUTICALS INC. 
500 ARCOLA ROAD 
COLLEGEVILLE, PA 19426 

FC#92-538 





Now, for hypertension 
Once-a-day 
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diltiazem HCl) #22 


DILACOR XR effectively lowers blood pressure 
for 24 hours in the majority of patients* 
DILACOR XR offers the classic diltiazem safety 
profile across the entire dosing range* 


DILACOR XR makes diltiazem a cost-effective 
choice for the treatment of hypertension? 


Please see adjacent page for brief summary of prescribing information 











VALVULAR HEART DISEASE 





Echocardiography for Detection of Abnormalities of 
Prosthetic and Bioprosthetic Vaives in the Mitral and Aortic 
Positions 

Werner G. Daniel, Andreas Mugge, Jochen Grote, Dirk Hausmann, Peter Nikutta, 
Joachim Laas, Paul R. Lichtlen, and Randolph P. Martin 


. One hundred twenty-six patients with 148 prosthetic valves were. studied by 
_ both transesophageal (TEE) and transthoracic (TTE) M-mode and 2-dimen- 
 — sional echocardiography. Prosthetic valve morphology was confirmed by 
- . Surgery or autopsy in all cases; 124 prostheses were classified as diseased 
. and 24 normal. Prosthetic valve endocarditis and thrombi were correctly . 
identified by TTE in 36 and 13% of cases, respectively, but could be diag 
nosed by TEE in 82% (p «0.001) and 190% (p «0.01), respectively. Ove n 
all, sensitivity and specificity were 57 and 63%, respectively, for TTE, and v 
86 and 88%, respectively, for TEE. TEE is superior to TTE in the correct 
identification of morphologic prosthetic valve abnormalities, and should there- 
fore be used in patients with suspected prosthetic valve malfunction and 
negative TTE. 














Marlin Giesler, Georg Grossmann, Arnold Schmidt, Matthias Kochs, Joachim 
pr Langhans, Martin Stauch, and Vinzenz Hombach 


E A new method for determination of mitral regurgitant flow rate from olor 
. Doppler echocardiographic maps of the flow convergence region was 
.. prospectively evaluated. The proximal velocity profile along the flow cen- 
. ter line of the flow convergence region was measured by color Doppler 
- echocardiography. Regurgitant flow rate was determined by comparing the 
sesulting curve to reference curves that were derived from in vitro mea- 
 surements and contained in a nomogram. In 74 patients (19 without and 55 
with angiographic mitral regurgitation), regurgitant flow rate ranged from 0 
to 600 ml/s and correlated closely with angiographic grade. Using addi- 
tional continuous-wave Doppler, regurgitant stroke volume was calculated 
as regurgitant flow rate * velocity-time integral/regurgitant maximum veloc- 
ity. In 16 patients, regurgitant stroke volume correlated significantly (r = 0.88) 
with invasive measurements (angiograph v/Fick method) with a regression 
iine close to identity (y = 0.89x + 12.7 ml). The proximal velocity profile 
method enables assessment of mitral regurgitation with estimation of abso- 
lute regurgitant volumes. 
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ja | toon Mitral Commissurotomy in Patients Aged 270 Years 
laude Le Feuvre, Raoul Bonan, Marie-Laure Lachurie, Yves Leclerc, Robert 
etitclerc, Ihor Dyrda, and Jacques Crépeau 











- Among 280 consecutive patients with balloon mitral commissurotomy per- 
formed from 1987 to 1991, 28 were 270 years old. Two patients with asso- 
ciated significant aortic stenosis were excluded from this study. Acute com- 
plications during the procedure and 30-day mortality occurred in 8 and 5 
patients, respectively. A complete hemodynamic success was obtained in 16 
patients (72%). Mitral valve area (p «0.01) and total pulmonary resistance 
(p «0.01) were independent predictors of success. At 6 months, 20 patients 
had improvements of 21 functional class, and 13 remained improved after 
a mean follow-up of 28 + 17 months. Patients with a long-term. functional 
improvement had a lower baseline echocardiographic score than did the 
remaining ones (7.8 + 2.0 vs 10.6 + 17; p «0.01). The survival rate at 3 years 
was 7066. o 


MISCELLANEOUS 





Garrie J. Haas; Margaret Wooding-Scott, Philip F. Binkley, P. David Wero. Robert B 
Kelley, and Robert J. Cody 


After cde. transplantation, cyclosporine-treated patients. have a high i inci- 
dence of systemic. hypertension, the mechanism of which is not known. 
Endothelin, a potent vasoconstrictor peptide of endothelial origin, may be 
activated by cyclosporine-induced endothelial injury and therefore may medi- 
ate post-transplant hypertension. This study tested whether endothelin-1 
could be detected in the | of cardiac transplant patients and whether 
levels correlated with he acteristics, serum creatinine or 
cyclosporine levels. Twenty two cyclosporine-treated cardiac transplant pa- 
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D E. tients were studied | at t the time of routine heart biopsy. Plasma endothelin 2 
— . -l was significantly elevated (5.2 + 1.8 pg/ml) compared with 12 al. 
-subjects (1.9 + 0.3 pg/ml). Heart rate, Systemic and. pulmon re 

and resistances, and serum creatinine were significantly increased ie 
transplant group. Cardiac index was normal. Endothelin did: not correlat 

with any hemodynamic variable, serum creatinine or cyclosporine level. - 

Thus, endothelin-1 is increased after cardiac transplantation. In the abse ce A o a 

of discrete correlations with hemodynamic variables, serum. creatinine o pec 
cyclosporine level, both the characteristics and mechanisms for. increased. SR x 
endothelin i in cardiac transplant recipients requires further evaluation. d c 
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® 200 m Drug Interactions: Catecholamine-depleting drugs may have additive effects when 
be g given with B-blockers. Observe patients treated with both agents closely for evidence 
* (^ ra 400 mg of marked bradycardia or hypotension which may present as vertigo, syncope/ 
3 presyncope, or orthostatic changes in blood pressure without compensatory 
| CAPSULES tachycardia. Exaggerated hypertensive responses have been reported from use of 


| p-adrenergic antagonists with a-adrenergic stimulants, including those in OTC cold 

M ace U O O remedies and vasoconstrictive nasal drops. Nonsteroidal anti-inflammatory drugs may 
blunt antinypertensive effects of beta-blockers. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Chronic oral toxicity studies 


THE CARDIOSELECTIVE BETA BLOCKER FOR PVC CONTROL in rats and mice, at doses 15 times the maximum recommended (60 kg) human dose, 


did nat indicate carcinogenic potential for SECTRAL. Diacetolol, the major metabolite 











: in man, was without carcinogenic potential in rats at doses up to 1800 mg/kg/d. 
Usual starting 200 mg SECTRAL and diacetolol also had no mutagenic potential in the Ames Test. No 
dose bid. significant impact on reproductive performance or fertility was found in rats following 
SECTRAL or diacetolol doses of up to 240 or 1000 mg/kg/d, respectively. 
. Pregnancy: Teratogenic Effects: Pregnancy Category B: No teratogenic effects were 
Optimal 600 mg to seen in rat or rabbit reproduction studies utilizing SECTRAL doses that were, 
respectively, approximately 31.5 and 6.8 times the maximum recommended human 
PVC r esponse 1200 mg per day dose. At this dose in the rabbit, slight fetal growth retardation was noted; this was 
. considered to be a result of maternal toxicity (evidenced by reduced food intake, 
Use in elderly Doses above 800 mg per day lowered rate of body weight gain, mortality). Diacetolol studies (doses up to 450 
should be avoided mg/kgid in rabbits and up to 1800 mg/kg/d in rats) showed no evidence of fetal harm 


other than a significant elevation in postimplantation loss with 450 mg/kg/d, a level at 


MEMNEqQMMEME—ZCIKEM———— ———— ÀáseÁ—Á—À9 i£: (00 Consumption and body weight gain were reduced in rabbit dams; there 


was a nonstatistically significant increase in incidence of bilateral cataract in rat 
(Brief Summary. See Package Circular for full prescribing information.) fetuses from dams treated with 1800 mg/kg/d. There are no adequate and well- 


1 CONTRAINDICATIONS: SECTRAL is contraindicated in: 1) persistently severe controlied trials in pregnant women; SECTRAL should be used during pregnancy only 


[^ f irri. , i i if potential benefit justifies risk to the fetus. 
ver dinde iussis ror heart block; 3) overt cardiac failure; Nonteratogenic Effects: Human studies indicate that acebutolol and diacetolol cross 


WARNINGS: Cardiac Failure: Sympathetic stimulation may be essential for support the placenta. Neonates of mothers who received acebutolol during pregnancy have 


of circulation in patients with diminished myocardial contractility and inhibition by reduced birth weight, decreased blood pressure, and decreased heart rate. 


K : E Labor and Delivery: Effect on labor and delivery in pregnant women is unknown. 
ED pte De OON a gigi te failure, SECTRAL Gan a oe Animal studies have shown no effect of SECTRAL on the usual course of labor and 


: : r ; pera A : s livery 
" cautiously when heart failure is controlled with digitalis and/or diuretics. Digitalis and de ; : 
. SECTR Ph impair AV conduction. Withdraw RECTA AL if cardiac failure hel sm Nursing Mothers: Acebutolol and diacetolol appear in breast milk (milk: plasma ratio 
; In Patients Without a History of Cardiac Failure: In patients with aortic or mitral of 7.1 and 12.2, respectively). Use in nursing mothers is not recommended. 


Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. 
Most adverse effects have been mild, not required therapy discontinuation, and 
tended to decrease as treatment duration increases. 

Thencidence of treatment-related side effects (volunteered and elicited) derived 
from U.S. controlled clinical trials in patients with hypertension, angina and arrhythmia 
follows. Numbers represent percentage incidence for SECTRAL (N =1002) versus 
placebo (N=314), respectively. 

Cardiovascular: Chest pain 2%, 1%; Edema 2%, 1%. CNS: Depression 296, 196; 
Dizziness 6%, 2%; Fatigue 11%, 4%; Headache 6%, 4%; Insomnia 3%, 1%; Abnormal 
dreams 2%, 1%. Dermatologic: Rash 2%, 1%. Gastrointestinal: Constipation 4%, 096; 
Diarrhea 4%, 1%; Dyspepsia 4%, 1%; Flatulence 3%, 1%; Nausea 4%, 0%. 
Genitourinary: Micturition (frequency) 3%, <1%. Musculoskeletal: Arthralgia 2%, 296; 
Myalgia 2%, 0%. Respiratory: Cough 1%, 0%; Dyspnea 4%, 296; Rhinitis 2%, <1%. 
Special Senses: Abnormal Vision 2%, 0%. 

The following selected (potentially important) side effects were seen in up to 2% of 
SECTRAL patients: Cardiovascular: hypotension, bradycardia, heart failure. CNS: 
anxiety hyper/hypoesthesia, impotence. Skin: pruritus. Gastrointestinal: vomitting, 
abdominal pain. Genitourinary: dysuria, nocturia. Liver and Biliary: small number of 
reported cases of liver abnormalities (increased SGOT, SGPT, LDH). In some cases, 
increased bilirubin or alkaline phosphatase, fever, malaise, dark urine, anorexia, 
nausea, headache, and/or other symptoms have been reported. In some cases, 
symptoms and signs were confirmed by rechallenge. Abnormalities were reversible 
upon drug cessation. Musculoskeletal: back and joint pain. Respiratory: pharyngitis, 
wheezing Special Senses: conjunctivitis, dry eye, eye pain. Autoimmune: extremely 
rare reports of systemic lupus erythematosis. 

Incidence of drug-related adverse effects (volunteered and solicited) based on 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 
months on a constant dose.) 


valve disease or compromised left ventricular function, continued depression of the 
myocardium with B-blockers over time may lead to cardiac failure. Digitalize patients at 
first signs of failure, and/or give a diuretic and observe closely. Withdraw SECTRAL if 
cardiac failure persists. 
Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal: Abrupt 
S discontinuation of some B-blockers in coronary artery disease patients may exacerbate 
angina; in some cases, myocardial infarction and death have been reported. Caution 
such patients against interruption of therapy without a physician's advice. Even in the 
absence of overt ischemic heart disease, withdraw SECTRAL gradually over a period 
of about two weeks; observe carefully and advise patients to minimize physical activity 
during this time. (If desired, patients may be transferred directly to comparable doses 
of an alternative B-blocker without interruption of B-blocking therapy.) If exacerbation of 
angina occurs, restart full-dose anti-anginal therapy immediately and hospitalize 
d patient until stabilized. 
Peripheral Vascular Disease: f-antagonists reduce cardiac output and can 
precipitate/aggravate arterial insufficiency in patients with peripheral or mesenteric 
vascular disease. Exercise caution and observe such patients closely for progression 
2 of arterial obstruction. 
| Bronchospastic Diseases: Patients with Bronchospastic Disease Should, in 
General, Not Receive a p-Blocker. Because of its relative B4-selectivity, low doses of 
SECTRAL may be used cautiously in such patients who do not respond to, or cannot 
tolerate, alternative treatment. Since p,-selectivity is not absolute and is dose- 
dependent, use lowest possible dose of SECTRAL initially, preferably in divided doses. 
Make bronchodilator, e.g., theophylline, or a Bo-stimulant, available in advance with 
instructions for use. 
$ Anesthesia and Major Surgery: The necessity/desirability of withdrawing 
| B-blockers prior to major surgery is controversial; the heart's impaired ability to 
respond to B-adrenergically mediated reflex stimuli may enhance the risk of excessive 
myocardial depression during general anesthesia. Difficulty in restarting and 
maintaining the heartbeat also has been reported with beta-blockers. If treatment is 
continued, take special care when using anesthetics that depress the myocardium; 
use lowest possible SECTRAL dose. SECTRAL, like other B-blockers, is a competitive 





400 mg/day 800 mg/day 1200 mg/day 





inhibitor of B-receptor agonists, so its effects can be reversed by cautious Body System (N = 132) (N = 63) (N 2 71) 
administration of such agents (e.g., dobutamine or isoproterenol). Symptoms of : 
excessive vagal tone (e.g. profound bradycardia, hypotension) may be corrected with Facio c] Bi a n 
s du TOP Musculoskeletal 2% 3% 496 
abetes and Hypoglycemia: D-blockers may potentiate insulin-induced Cántral Harbus System 9% 13% 17% 
hypoglycemia and mask some symptoms such as tachycardia; dizziness and eariivaine y 1% 5% 6% 
sweating are usually not significantly affected. Warn diabetics of possible masked Ski “ee y 196 296 196 
hypoglycemia. p h 
Thyrotoxicosis: B-adrenergic blockade may mask some clinical signs (tachycardia) een a des i" E 


of hyperthyroidism. Abrupt withdrawal of SECTRAL may precipitate a thyroid storm in 
patients suspected of developing thyrotoxicosis. | 
PRECAUTIONS: Impaired Renal or Hepatic Function: While there are no U.S. Potential Adverse Effects: Certain adverse effects not listed above have been 


studies, foreign published experience shows that acebutolol has been used : : p 
successfully in chronic renal insufficiency. Acebutolol is excreted via the G.I. tract, but TL TT agents and should be considered as potential adverse 
the active metabolite, diacetolol, is eliminated mainly by the kidney. A linear 
relationship exists between renal clearance of diacetolol and creatinine clearance 
(Clor); reduce daily dose of acebutolo! by 50% when Cle, is less than 50 mL/min and 
by 95% when it is less than 25 mL/min. Use cautiously in patients with impaired 
hepatic function. 

SECTRAL has been used successfully and without problems in elderly patients in 
U.S. clinical trials without specific dosage adjustment. However, in the elderly, lower 
maintenance doses may be required because bioavailability of SECTRAL and its 
metabolite are approximately doubled. 

Information for Patients: Warn patients, especially those with evidence of coronary 
artery disease, against interruption or discontinuation of SECTRAL without physician 
supervision. Although cardiac failure rarely occurs in properly selected patients, 

advise patients to consult a physician if signs or symptoms suggestive of impending 





CNS: Reversible mental depression progressing to catatonia, an acute syndrome 
characterized by disorientation for time and place, short-term memory loss, emotional 
lability, slightly clouded sensorium, and decreased performance on neuro- 
psychometncs. 

Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). Allergic: 
Erythematous rash, fever with aching and sore throat, laryngospasm, respiratory 
distress. 

Hematologic: Agranulocytosis, nonthrombocytopenic and thrombocytopenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis, ischemic colitis. 

Miscellaneous: Reversible alopecia, Peyronie's disease. The oculomucocutaneous 
syndrome associated with practolol has not been reported with SECTRAL. 

Keep at room temperature, Approximately 25°C (77°F). 





E: CHF, or unexplained respiratory symptoms, develop. 3482-5 6/21/89 
ke Warn patients of possible severe hypertensive reactions from concomitant use of 

Y a-adrenergic stimulants, e.g., nasal decongestants used in OTC cold medicines and 

E nasal drops. 


Clinical Laboratory Findings: SECTRAL, like other B-blockers has been associated 

with development of antinuclear antibodies (ANA). In prospective clinical trials, 

patients receiving SECTRAL had a dose-dependent increase in the development of WYETH-AYERST 

positive ANA titers. Symptoms related to this laboratory abnormality were infrequent. W LABORATORIES 

Symptoms and ANA titers were reversible upon discontinuation of SECTRAL. ™ Philadelphia, PA 19101 (91991, Wyeth Ayerst Laboratories 
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E strategy in the Ti ron mbolysis 
` Myocardial Infarction (TIMI) Il trial. The fre - n án " 





days, the percentage of patients with any 
adverse outcome (including death, p presenc: 
exercise-induced ST-segment depression, oi 
. inability to perform the exercise test) \ was 5 33.7% 
- of 1,681 randomly assigned to the invasive strat- 
egy compared with 34.6% of 1,658 al 
a ed to the conservative strate; ty (1 
7 The ‘Lyear mortality was greater in patient: 
. did not perform the pr rk ‘expicieg test 
. (7.7%) than in those who did (1.8%) | (p «0.00; 
n the former were older, and a 1 t 















myocardial infarction, and more ex t len 5 ve coro- 
| nary nary artery disease (p «0.01 for each compar- 

. son). The 1-year mortality in patients with exer- 
cise-induced ST-segment depression. or chest pain 
iud only 1.4% (3 of 222) among those randomly 
. assigned to the conservative strategy where 
ronary angiography and revascularization were 

nended if the test result was abn 
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(relative risk compared with those without ST- 








segment depression or chest pain 0.6; 99% confi- 
dence interval 0.1 to 2.9). Among -patients ram 
16 to the invasive strategy, exer- 






cise-indu | ion or chest pain 
was associated with a 1-year mortality of 2.5% (4 
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charge e exercise test i is st no mie al re 
mortality for those with exercise-induced 


parable to that ta calla ves co not have 
these findings. 


(Am J Cardiol 1993;71:131-138) 


he Thrombolysis in Myocardial Infarction (TIMD 

Il trial assessed the role of cardiac catheterization 

18 to 48 hours after study entry, with percu- 
taneous transluminal coronary angioplasty (PTCA) if 
appropriate, in patients with acute myocardial infarction 
treated with recombinant tissue-type plasminogen acti- 
vator. The principal goal of TIMI II was to determine if 
this invasive treatment strategy would alter mortality and 
reinfarction as compared with a conservative strategy. 
There were no significant differences in the occurrence 
of death or reinfarction between treatment strategies at 
6 weeks or 1 year after enrollment.) 

Predischarge submaximal exercise testing is fre- 
quently performed after an acute myocardial infarction 
to determine prognosis, functional capacity and propen- 
sity to develop cardiac arrhythmias, and to provide a 
baseline for exercise prescription in the convalescent 
phase.*'* Evaluation of postinfarction exercise testing as 
a procedure for risk stratification should consider the 
impact of the referral for coronary angiography in pa- 
tients with an abnormal test, and subsequent coronary 





TIMI i| EXERCISE RESULTS 134 


.. revascularizatio 





tion procedure may influence the natural history. of the 
disease and alter the prognosis associated with abnor- 
malities observed during exercise testing. A second con- 
sideration is the use of thrombolytic therapy, a treatment 
known to decrease mortality, now received by 20 to 40% 
of patients who present to the hospital with suspected 
infarction.??! There is little information regarding the 
prognostic role of predischarge exercise testing in pa- 
tients with myocardial infarction treated with a throm- 
bolytic agent. In this report, we present the frequency of 
electrocardiographic evidence of exercise-induced ischemia 
at hospital discharge, document the use of the exercise 
test to select patients enrolled in the conservative strat- 
egy for cardiac catheterization, and compare the prog- 
nosis of patients with and without selected exercise test 
abnormalities in the invasive and conservative strategies. 





The predischarge exercise test included the use of 


radionuclide ventriculography, the results of which were 
reported previously.” 


METHODS 

Study patients: The details of the TIMI II trial and 
inclusion/exclusion criteria have been described.!-? Pa- 
tients were eligible for enrollment if they had chest dis- 
comfort suggestive of acute myocardial ischemia lasting 
230 minutes, and ST-segment elevation 20.1 mV in 
electrically contiguous leads, were aged «76 and had no 
contraindications to receiving a thrombolytic drug. Pa- 
tients were enrolled within 4 hours of the onset of symp- 
toms that precipitated hospital admission. The TIMI II 
protocol was approved by the human research commit- 
tee at each participating medical center, and written in- 
formed consent was obtained from all patients. 

In all, 3,339 patients were enrolled; 1,681 were ran- 
domly assigned to an invasive strategy of PTCA to the 


TREATMENT STRATEGY 


INVASIVE 


1681 
N(%) 


DEATH < 14 DAYS 


FROM ENTRY STUDY 78 (4.6) 


14 DAY SURVIVORS 


1603 (95.4) 


ET NOT PERFORMED 


BY 14 DAYS 362 (21.5) 


ET PERFORMED BY 

BY 14 DAYS 1241 (73.8) 
. NONINTERPRETABLE 

EXERCISE ECG 


73 (4.3) 


ET INTERPRETABLE 1168 (69.5) 
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.In some patients, ie E EA | Maison cela "m when the coronar 


1594 (96.1) 


suitable 18 to 48 hours after treatment, and 1 658 E wer 
randomly assigned to a conservative strategy in which - 
they were evaluated for revascularization if they had 
spontaneous ischemia after infarction during the hospi- - 
tal phase, or important exercise-induced myocardial is- - 
chemia during an exercise test performed before hospi- . 
tal discharge. Of 3,339 patients in the trial, 2,502 (75%) — 
performed exercise testing within 2 weeks of the index - 
event (Figure 1). Exercise electrocardiograms were con- 
sidered noninterpretable for the development of ischemia : 
in 147 patients, because of electrocardiographic findings - 
of left ventricular hypertrophy, bundle branch block or - 
excess motion artifact during exercise. This analysis is 
based on the remaining 2,355 patients with exercise - 
eiectrocardiograms analyzed at the TIMI Electrocardio- 
graphic Core Laboratory (1,168 patients randomly assigned | 
to the invasive strategy and 1,187 to the conservative 
strategy). Baseline characteristics of the patients who did 
perform versus those who did not perform the exercise 
test in the invasive and conservative strategies are listed E 
in Table I. Of 960 patients in whom medication usage - 
at the time of exercise testing was recorded, 66%. re- 
ceived B-blocker drugs, 48% calcium antagonist, 26% 
long-acting nitrates and 5% digoxin within 7 days of 
testing. 

Exercise protocol: Exercise was performed in the 
supine position using a calibrated electronic bicycle er- 
gometer, Heart rate, systemic blood pressure measured 
by sphygmomanometry, and a 12-lead electrocardiogram | 
were recorded at baseline, the end of each exercise - 
stage, peak exercise and each minute for 5 minutes into | 
the recovery phase. The initial work load of the 2-stage 
exercise test was set at 200 kpm and increased to 400 
kpm after 3 minutes or to a peak heart rate of 120 
beats/min for patients during the limited, predischarge 


CONSERVATIVE 


1658 
N(%) 


FIGURE 1. Performance of exercise test 
(ET), and availability of exercise 
electrocardiographic data. There were 
1,681 and 1,658 patients in TIMI tl 
randomized to invasive and 
conservative strategies, respectively. 
electrocardiogram. 


333 (20.1) ECG = 


1261 (76.0) 


74 (4.5) 


1187 (71.6) 
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invasive 


Exercise Test No Exercise Test 
(n = 1,241) {n = 362); 
Baseline Characteristics n (96) n (96) 


Mean age (year) 55.6 59.5 
Race (white) 1,088 (87.7) 320 (88.4) 
Sex (men) 1,059 (85.3) 270 (74.6) 
Not low riski 781 (62.9) 258 (71.3) 
Age = 70 years 118 (9.5) 68 (18.8) 
Prior myocardial infarction 154 (12.4) 68 (18.8) 
Anterior myocardial infarction 604 (48.7) 192 (53) 
Rales > 1/3 of lung fields 35 (2.8) 19 (5.2) 
. . Hypotension and sinus tachy- 63 (5.1) © 18 (5) 
“cardia. 
|. Atrial fibrillation or flutter 23 (1.8) 8 (2.2) 
(po Pulmonary edema 7 (0.6) 7 (1.9) 
-— -Cardiogenic shock 12 (1) 6 (1.7) 
^^ History 
Angina 652 (52.5) 221 (61.2) 
Congestive heart failure 25 (2) 22 (6.1) 
Hypertension 453 (36.5) 165 (45.6) 
Diabetes 130 (10.5) 61 (16.8) 
Current smoker 632 (50.9) 159 (43.9) 
Ever smoked 961 (77.4) 270 (74.6) 
Time from onset to study entry 323 (26) 101 (27.9) 
<2 hours 
Cardiovascular events < 14 
days 
Myocardial infarction 46 (3.7) 44 (12.2) 
Recurrent painful ischemic 254 (20.5) 133 (36.7) 
events in hospital 
New congestive heart failure 161 (13) 102 (28.2) 
Any of above 371 (29:9) 190 (52.5) 
CABG 38 G 126 (34.8) 


p Valuet 








Exercise Test 
(nz 


1,261); 
n (95) 





Conservative 


No Exercise Test 


(n = 333) 
n (%) 


2 | TABLE 1 Patient Characteristics According to Treatment Strategy and Whether Patients Performed an Exercise Test <14 Days After | 


p Valuet 


0.001 55.8 59.1 0.001 
071 1,127 (89.4) 288 (86.5) 0.14 
0.001 1,066 (84,5) 251 (75.4) 0.001 
0.003 826 (65.5) 236 (70.9) 0.06 
0.001 101 (8) 59 (17.7) 0.001 
0.002 155 (12.3) 59 (17.7) 0.01 
0.14 662 (52.5) 175 (52.6) 0.99 
0.02 43 (3.4) 16 (4.8) 0.23 
0.94 64 (5.1) 19 (5.7) 0.64 
0.66 25 (2) 10 (3) 0.26 
0.01 8 (0.6) 6 (1.8) 0.04 
0.27 10 (0.8) 4 (1.2) 0.48 
0.004 651 (51.6) 189 (56.8) 0.10 
0.001 24 (1.9) 12 (3.6) 0.06 
0.002 461 (36.6) 132 (39.6) 0.30 
0.001 158 (12.5) 51 (15.3) 0.18 
0.02 657 (52.1) 142 (42.6) 0.002 
0.26 1,000 (79.3) 247 (74.2) 0.04 
0.48 317 (25.1) 94 (28.2) 0.25 
0.001 40 (3.2) 33 (9.9) 0.001 
0.001 304 (24.1) 155 (46.5) 0.001 
0.001 155 (12.3) 90 (27.1) 0.001 
0.001 414 (32.8) 197 (59.2) 0.001 
0.001 36 (2.9) 69 (20.7) 0.001 









^. |. *Analysis is restricted to 14-day survivors. l 
|... tp value for difference between patients who did and did not exertise by 14 days within each treatment strategy. 
. $Patient is not low risk if any of following are present on admission: age > 70 years, prior myocardial infarction, anterior myocardial infarction, rales 2 1/3 of lung fields, hypotension 


z5 and sinus tachycardia, atrial fibrillation or flutter, pulmonary edema, or cardiogenic shock. 
. CABG = coronary artery bypass grafting. 





exercise test. The maximal duration of the test was 6 
minutes. The limited, predischarge exercise test was dis- 
continued for the development of progressive chest pain, 
excessive dyspnea, dizziness, complex ventricular ar- 
rhythmias, exertional hypotension, severe ischemic ST- 
segment depression, excessive fatigue, or achievement of 
target heart rate or work load. 
| At the Electrocardiographic Core Laboratory, each 
< 12-lead electrocardiogram obtained before exercise, at 
_ peak exercise and during recovery was reviewed for ST- 
segment shifts 20.05 mV. When. ST-segment deviation 
“was 20.05 mV, the electrocardiographic leads with the 
most marked ST-segment depression and elevation were 
digitized, using a SummaGraphics microgrid II digitiz- 
er interfaced to an IBM computer. Three consecutive 
. complexes were digitized at rest and peak exercise, and 
. in the recovery phase if ST-segment deviation exceeded 
. that observed at peak exercise or immediately after ex- 
` :ercise. Custom software was used to analyze the rest and 
maximal ST-segment changes observed during peak 
exercise or in recovery.” The exercise electrocardio- 
> graphic response was considered abnormal when either 
< -of the following 2 criteria were observed in any lead as 
compared with at baseline: J point and ST-80 depres- 
sion 20.1 mV, ST-segment slope «1 mV/s; or J point 


and ST-80 depression 20.15 mV, and ST-segment slope 
»] mV/s. ST-segment elevation in Q-wave infarct leads 

was determined to be present when J point and ST-80 
elevation was >0.1 mV as compared with at baseline 
and was not considered an ischemic response. 

At the time of the hospital discharge study, results 
were interpreted locally by clinical center staff to deter- 
mine if evidence of exercise-induced myocardial ische- 
mia was present. For conservative strategy patients, the 
TIMI II protocol indicated coronary angiography (to be 
followed by revascularization if necessary) when sponta- 
neous or exercise-induced myocardial ischemia was 
present. Otherwise, cardiac catheterization was discour- 
aged. Indicators of myocardial ischemia considered in 
the evaluation for coronary angiography included angi- 
na pectoris, ST-segment depression 22 mm, a 20 mm 
Hg reduction in systolic blood pressure, a 5-unit reduc- 
tion in left ventricular ejection fraction, and complex 
ventricular arrhythmias. The test outcome was consid- 
ered inconclusive when the aforementioned indicators 
were absent, and if patients were unable to exercise to 
a heart rate of 120 beats/minute or could not perform at 
a work load of 400 kpm. 

End points: The TIMI II protocol required that all 
patients complete a 6-week and 1-year clinic visit. All 
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_ deaths and nonfatal events that occurred during follow- 
up were reported to the Coordinating Center. Informa- 
tion was collected from all surviving patients for cardiac 
events including reinfarction, congestive heart failure, 
presence of angina pectoris and whether a revascular- 
ization procedure had been performed. As of January 
1991, 1-year follow-up for vital status was 99% com- 
plete for both treatment strategies. Reinfarction was 
classified centrally without knowledge of treatment as- 
signment and accepted as documented according to pre- 
viously published criteria.2 

Statistical analysis: To account for all patients who 
entered the study, a composite 14-day adverse outcome 
was defined by death within 14 days of study entry, sur- 
vival to 14 days without a hospital discharge exercise 
test, or a hospital discharge exercise electrocardiogram 
with ischemic ST depression present. 

Analysis of exercise test findings as predictors of 
events (death, death or myocardial infarction by 1 year 
after study entry) was restricted to patients alive at 14 
days who performed the exercise test and whose exer- 
cise electrocardiogram was analyzed at the Electrocar- 
diographic Core Laboratory. The proportions of patients 
experiencing events were estimated by the Kaplan-Meier 
method? comparisons of survival without events were 
performed by the log-rank test.” The relative risk re- 
ported for each exercise finding estimates the ratio of the 
risk of events for patients with the finding present to that 
for those without the finding. The Cox proportional haz- 
ards model?" was used to estimate relative risks and con- 
fidence intervals. For comparison of baseline variables, 
chi-square tests were used to compare categoric vari- 
ables and z tests for continuous variables. To account for 
the multiple statistical hypotheses tested, p «0.01 was 
considered to show evidence of a relation, and p «0.001 
strong evidence. All data analyses were conducted with 
the SAS or BMDP statistical packages.2829 The analy- 
ses were performed on an analysis file created at the 
Coordinating Center in January 1991. 
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RESULTS | eo 
At 14 days after entry in the TIMI II trial, the pro- - 
portion of patients who died, had not performed the ex- 
ercise test or had exercise-induced ST-segment depres- - 
sion were similar in the invasive and conservative strate- - 
gies (Figure 2; p = 0.57). The proportion of patients who - 
died, had a new myocardial infarction, had not per- 
formed the exercise test or had exercise-induced ST- 
segment depression were similar in the invasive and 
conservative strategies (36.0 vs 36.7%; p = 0.69). 
Patients who did not perform a predischarge exercise 
test were older, included a larger proportion of women, 
and had previous myocardial infarctions, and more 2- 
and 3-vessel coronary artery disease (Tables I and II) 
compared with those who did perform an exercise test. 
Of 333 conservative and 362 invasive strategy surviving 
patients who did not perform an exercise test by 14 days 
after study entry, 59.2% with the conservative strategy 
and 52.596 with the invasive strategy had experienced 
2i event, defined as reinfarction, recurrent painful is- 
chemic events or newly occurring congestive heart fail- - 
ure, by 14 days. These events occurred significantly less 
often in patients who performed exercise tests (Table I). 
The mortality between 14 days and 1 year after study 
entry was significantly less in patients able to perform 
the low-level exercise test than in those that could not 
(14% [17 of 1,241] vs 6.3% [23 of 364] for the inva- 
sive strategy [p «0.001], and 2.3% [29 of 1,261] vs 9.3% 
[31 of 334] for the conservative strategy [p «0.001 ]; Fig- 
ure 3). E 
In the conservative group, the mean rest and exercise 
ejection fractions were 47.6 and 50.696, respectively, in 
patients who exercised to less than stage II, and 48.2 and 
53.9%, respectively in those who exercised to stage II. 
The results were similar in the invasive group. Among 
14-day surviving patients who performed the exercise 
test (Figure 1), angina, decreased ejection fraction <5% 
or ST-segment depression 21 mm on the predischarge 
exercise test occurred in 226 and 327 patients random- 
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Protocol cardiac catheterization performed 


No. of vessels with % stenosis = 60% 0 


Missing* 
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. descending 


Ml-related coronary artery 
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TIMI grade of Mi-related coronary arteryt^ —— — O 
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Collaterals to Mi-related coronary artery present _ Yes 2. 
24 Missing* 






Before percutaneous: transtuminal eotonany angioplasty. 
Mi = myocardial infarct.’ hi 


| ized to the invasive and conservative. e strategies, resi yec- 
tively. Of 1,168 patients randomized: tothe invasive strat- 
egy with an interpretable exercise electrocardiogram | 
(Figure 1), 108 had exercise-induced ST-segment de- 






TABLE i Findings of Protocol Cardiac Catheterization ee invasive Sion Patierits 
According to Whether Exercise Test Was Performed « 14 Days After Study Entry 


Exercise Test 





1,155 (93.1) 


Left circumflex 


*Number of patients whe Uderwent a ade catheterization for whom data item is missing. 


: criteria were found in- either: treatment. 'strategy for js 
year occurrence of death, or of death or my 
farction according. to the presence of. specific exercise 
test outcomes (ST-segment | 


No 
Exercise Test 
(n = 362); p 
n (96) Value 


313(86.5) 0,001 
49 (13.5) 
3000). 
132 (44) 

95 (31.7) 
43 (14.3). 
36 i3. ~—~—O 
210.2) 61.9) 0.39 
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patients with versus without these findings (relative risk 
0.6; p = 0.39). 

Among the invasive strategy patients, 1-year mortal- 
ity in those with versus without exercise-induced ST- 
segment depressior was 3.2 vs 1.296 (relative risk 2.8; 
p = 0.06). The l-year mortality was 2.5 vs 1.2% (rela- 
tive risk 2.1; p = 0.18) for patients with versus without 
exercise-induced S'T-segment depression or chest pain. 

ST-segment elevation: Among conservative strate- 
gy patients for whem predischarge resting radionuclide 
ventriculography data were also available, there was a 
difference in mean resting left ventricular ejection frac- 
tion for those without exercise-induced ST-segment 
changes, and those with ST-segment depression and ST- 
segment elevation (50.8, 53.6 and 42.5%, respectively: 
p «0.000; in the invasive strategy patients, mean ejec- 
tion fraction was 51.8, 52.6 and 417796 for the 3 groups, 
spectively (p «0.001). The proportion of patients with 
ction fraction «3596 were 10.0, 5.7 and 22.7% for 
icise-induced ST-segment changes, 
ment depression and ST-segment 
among conservative strategy pa- 
vere similar among invasive strate- 
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TABLE i Finding of Protocol Cardiac Catheterization Among invasive Strategy Patients. " E 
Surviving > 14 Days with Exercise Electrocardiogram <14 Days After Entry Read by 
Electrocardiography Core Laboratory, According to Presence of Exercise ST-Depression 
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ST No ST 
Depression Depression 
(n 127) (n= 1,041) 

n (95) n (96) 


Total 
(n = 1,168) 





Yes 1,091 118(92.9) 973(93.5) 0.80 
performed No 77 9 (7.1) 68 (6.5) 
No. of vessels with % stenosis >60% 0 115 5 (4.4) 110(11.7) 0.001 
i 642 60(52.6) 582 (61.7) 
2 243 32 28.1) 211 (22.4) 
3 57 1714.9) 40 (4.2) 
Missing* 34 4 30 
Mi-related coronary artery None 2 Q (0) 2(0.2) 0.001 

Right 490 66 (55.9) 424 (43.6) 

j Left anterior 463 26 (22) . 437 (44.9) 

3 descending 

1 Left circum- 136 — 26(22 1101.3) 

j flex 

Missing 0 0 0 | 

| Mean % stenosis of MI coronary artery 75.0 77.9 74.6 0.09 

| TIMI flow grade of Mi coronary arteryt 0 117 17 (15) 100(10.9) 0.14 

| 1 24 2 (1.8) 22 (2.4) 

| 2 99 16 (14.2) 83 (9) 

3 794 78 (69) | 716 77.7) 

| Missing 57 5 52 

_ Collaterals to MI coronary artery + 121 15 (13.2) 106(11.2) 0.54 

i present 0 936 99 (86.8) 837 (88.8) 

a Missing 34 4 30 

t. Protocol PTCA performed or + 719 66 (52) 653(62.7) 0.02 

| — attempted 0 449 61 (48) 388 (37.3) 


*Numhber of patients who underwent protocol cardiac catheterization for whom data item is missing. Percentages based on 


fRefers to TIMI grade after PTCA for patients who received protocol PTCA. 
MI = myocardial infarction, PTCA = percutaneous transluminal corsnary angioplasty. 


vation and depression or no change remained statistical- 
ly significant (p <0.001) in both strategies after adjust- 
ment for infarct location. 
revascularization on exercise ST-segment depres- 
sion in patients randomized to the invasive strate- 
gy: The impact of coronary angiographic findings and 
revascularization on exercise-induced ST-segment de- 
pression was examined in the 1,168 patients assigned to 
the mvasive strategy. The percentages of patients with 
2- and 3-vessel coronary disease were greater in those m 
with than without exercise-induced ST-segment depres- — 
sion (43.0 vs 26.6%; p «0.001) (Table IID. The mean 
percent stenosis of the infarct-related artery after PTCA 
was significantly greater in patients with than without 
exercise-induced ST-segment depression (53.2 vs 43.4%: 
p «O001). Patients with exercise-induced ST-segment _ 
depression were less likely to have had the left anterior — 
descending coronary artery as the infarct-related vessel. E: 
The presence of collaterals and TIMI grade of the 
infarct-related vessel were not associated with exercise- -= 
induced ST-segment depression. a E 
Use of the hospital discharge exercise test to 
discharge exercise test outcomes among conservative 
strategy patients (excluding those randomized in TIME ` 
II-A whose protocol cardiac catheterization was re- = 


w.. 






quired}? who had not undergone cardiac catheterization | "- 
before the test were classified locally as positive for 160, 


negative for 725 and inconclusive for 71. Of these — 2 





Y Hospital - 


“patients, 78 (48.8%) with a positive test, 176 Q4. 3%) 
with a negative test and 13 (18.3%) with an inconclu- 
sive test underwent cardiac catheterization before the 6- 
week follow- up visit. 

Ventricular arrhythmias: Few patients were ob- 
served with isolated premature ventricular beats or more 
complex ventricular ectopy during exercise. The avail- 
able evidence did not suggest that these findings were 
associated with increased 1-year mortality risk. 


DISCUSSION 

For the purpose of this analysis, an adverse outcome 
at 14 days was defined by the combined end point of 
death, presence of exercise-induced ST-segment depres- 
sion, or inability to perform the exercise test. The per- 
centages of patients with any of these outcomes were 
similar in the invasive and conservative strategies, al- 
-. though the relative proportions of patients with different 
adverse outcomes varied; slightly less invasive than con- 
servative strategy patients had ST-segment depression 
with exercise, and slightly more died or did not exer- 
cise. This combined end point for comparison of the 2 
treatment strategies was chosen to avoid the biases in 
comparing strategies based only on the select group of 
patients who survived 14 days and were able to perform 
the exercise test. The labeling of inability to perform the 
exercise test by 14 days as a poor outcome is support- 
ed by the large proportion of patients who did not exer- 
cise and had cardiovascular events by 14 days, and by 
the increased l-year mortality and morbidity in this 
group compared with those who were able to perform 
the exercise test. 

Prevalence of exercise electrocardiographic abnor- 
malities in TIMI Il: In the prethrombolytic era, approxi- 
mately 30% of patients convalescing from an acute 
myocardial infarction and undergoing predischarge ex- 
ercise tests developed ischemic ST-segment depression, 
and 20% developed angina.!!-'^ In TIMI H patients who 
underwent exercise testing (all of whom had received 
thrombolytic therapy), the frequency of exercise-induced 
ST-segment depression was only 10.9% in the invasive 
strategy and 14.8% in the conservative one. The fre- 
quency of exercise-induced ST-segment depression 20.1 
mV among patients in the conservative strategy was 
20.4% for nonanterior infarcts and 9.9% for anterior 
ones. Exercise-induced chest pain occurred in only 4. 3 
and 5.7% of patients in the invasive and conservative 
strategies, respectively. There are several reasons why 
the occurrence of markers of exercise-induced is-chemia 
may have been less frequent in the TIMI II patients. 

The TIMI II protocol required that patients assigned 
to the invasive strategy undergo cardiac catheterization 
at 18 to 48 hours after entry, with revascularization if 
feasible. Patients in the conservative strategy with spon- 
taneous ischemia before hospital discharge were to 
undergo coronary angiography and revascularization 
when the anatomy was suitable. Coronary revascular- 
ization procedures were performed before the predis- 
charge exercise test in 67.296 of patients assigned to the 
invasive strategy and in 9.3% assigned to the conser- 
. vative strategy, reducing the potential to induce ischemia 
. during exercise. All patients in TIMI H received early 





thrombolytic therapy, which is associated with a , greater a 


frequency of early opening of infarct-related vessels than 
in those who do not receive a thrombolytic drug, and 
with a reduction in myocardial infarct size. The fre- 
quency of 3-vessel coronary artery disease in TIMI H 
patients assigned to the invasive strategy was 5.3%, 
which is less than that of historical control subjects who 
underwent predischarge exercise testing before the wide- 
spread use of thrombolytic agents (prevalence of 3-ves- 
sel coronary artery disease in earlier studies was 22, 31 
and 45%, respectively).°°-** Exercise-induced myocar- 
dial ischemic responses are more frequent in patients 
with 3-vessel than with 1- or 2-vessel coronary artery 
disease. 

The predischarge exercise test in TIMI II was per- 
formed in the supine position for standardized acquisi- 
tion of gated blood pool studies. Shaw et al? reported a 
greater peak oxygen consumption and a slightly greater 
frequency of exercise-induced myocardial ischemic re- 
sponses in 30 postinfarct patients who exercised using a 
predischarge, upright, low-level, treadmill protocol than 
in those using a similar supine bicycle ergometry proto- 
col. Thus, several factors may account for the decreased 
frequency of exercise-induced myocardial ischemic vari- 
ables in the TIMI II trial compared with in earlier pub- 
lished series. 

Prognosis: One-year mortality among patients who 
performed the exercise test within 14 days of study en- 
try was low among patients assigned to either the inva- 
sive (1.496) or conservative (2.396) strategies. The rela- 
tively low mortality rates in this study compared with 
the TIMI II 1-year rates reported by Williams et al? 
occur because the latter investigators included patients 
who died before the exercise test was performed, as well 
as those who were unable to perform the exercise test 
shown to have a higher mortality in this series, as well 
as in other reports.** The relatively low incidence of fa- 
tal events limited the statistical power to detect differ- 
ences in prognosis associated with exercise test out- 
comes among patients who performed the test. The con- 
servative treatment strategy recommended that patients 
with spontaneous or important exercise-induced ST-seg- 
ment depression undergo coronary angiography and re- 
vascularization when possible. Spontaneous rather than 
exercise-induced angina during the initial hospitalization 
was a more frequent indication for coronary angi- 
ography. In patients with positive exercise tests, ap- 
proximately twice as many were likely to undergo coro- 
nary revascularization after the exercise test as were 
those whose tests were considered negative by the Clini- 









cal Center. Targeting conservative strategy itho 


evidence of important exercise-induced 
chemia for coronary revascularizat 
nary artery bypass grafting) probably 
history of these high-risk patients, re 
low 1-year mortality comparable to tha : 
out exercise-induced angina or ST-segment epression. | 
Among patients assigned to the invasive strategy, the 


presence of exercise-induced ST -segment depression - 7 E 
was associated with a trend toward an increased l-year i 
mortality compared with that of those without this find- 


ing (relative risk 2.8; p = 0.06). Approximately half of 
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the patients in the invasive strategy with ST-segment 
depression had undergone PTCA by the time the exer- 
cise test was performed, and only 5 had had a second 
procedure (PTCA or coronary artery bypass grafting) by 
the 6-week exercise test. After the coronary anatomy 
was known, and PTCA was performed, if technically 
feasible (or coronary bypass grafting, if the patient was 
not à suitable PTCA candidate), predischarge, exercise- 
induced ST-segment depression in patients randomly 
assigned to the invasive strategy was less likely to influ- 
ence physicians to recommend additional attempts at 
coronary revascularization than in those randomly as- 
signed to the conservative strategy. 

Exercise-induced ST-segment elevation: Exercise- 
induced ST-segment elevation was associated with a 
greater mortality within 1 year, which was similar to 
previous reports.” Although the difference was not 
statistically significant, the relatively short 1-year follow- 
up and the small number of deaths observed reduced the 
power of this comparison. Left ventricular function was 
worse in patients with than without exercise-induced ST 
elevation. Severa! studies of acute and chronic ischemic 
heart disease have demonstrated the relation between 
increased long-term mortality and decreased left ven- 
tricular function. 738 


the | 
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msibulalory ST-segment pimi clinical 
. characteristics, predischarge maximal exercise 
testing and cardiac events was determined in 
123 consecutive men (age 55 + 8 years) with a 
first acute myocardial infarction (AMI). During 36 
hours of ambulatory recording 11 + 5 days after 
AMI 23 patients (19%) had 123 ischemic epi- 
sodes (group 1), whereas 100 pa ii demon- 
strated no ischemia (group 2). Exercise-induced 
ST-segment depression was more prevalent i in 
group 1 (83%) than in group 2 (47%) (p <0. 005). 
Group 1 patients also had more severe ischemia 
as judged from a shorter exercise duration be- 
fore significant ST-segment dej ion (5.5 + 2.4 
vs 7.7 + 4.1 minutes; p «0.03) and more pro- 
nounced ST-segment depression on exercise test- 
ing (4.1 + 2.6 vs 2.6 + 1.6 mm p «0.03). Further- 
more, exercise test results revealed an impaired 
hemodynamic response in group 1 compared with 








group 2: systolic blood pressure at maximal work - 


load 160 + 31 vs 176 + 28 mm Hg (p «0.025) 
and systolic blood pressure increase during exer- 
cise 41 + 24 vs 56 + 22 mm Hg (p «0.01). With- 
in 368 + 8 days of follow- up the frequency of 
cardiac events (cardiac death, nonfatal reinfarc- 
tion, and severe angina including the need of 
revascularization) was 52% in group 1 compared 
with 22% in group 2 (p «0.01). Exercise-induced 
ischemia did not predict an adverse outcome: | 
: event rate 30 vs 25% in patients without residual 
E nia (p = NS). None of the 5 patients who 
| died had residual ischemia on either ambulatory 
nonitoring or exercise testing. Patients having 
cardiac death had a significantly lower left ven- 
tricular ejection fraction, 32 + 16% than the 118 
survivors, 49 + 11% (p <0.02). 

(Am J Cardiol 1993;71:139-144) 
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ata comparing the relation between residual is- 
chemia on predischarge exercise testing and 
! early out-of-hospital ambulatory monitoring in 
patients with a recent first acute myocardial infarction 
(AMD are not available. The aim of this study was to 
determine the baseline characteristics of survivors of 
AMI with and without transient ischemia on ambulato- 
ry recording, and to evaluate the correlation between the 
results of early postdischarge ambulatory ST-segment 
monitoring and the findings from predischarge maximal 
exercise testing. Finally, we wanted to assess the 1-year 
prognostic significance of residual ischemia and left ven- 
tricular ejection fraction in this subset of patients with 
coronary artery disease. 


METHODS 

Study patients: The period of patient enrollment 
was between October 1987 and October 1989. The study 
population comprised 123 consecutive men «70 years of 
age who survived a first AMI at our institution. AMI 
was diagnosed when 22 of the following criteria were 
present: (1) typical chest pain, (2) diagnostic elec- 
trocardiographic changes, or (3) diagnostic myocardial 
enzyme changes. Patients were excluded in case of 
preadmission chest pain lasting >24 hours, former heart 
surgery or angioplasty, electrocardiographic conduction 
defects, atrial fibrillation, insulin-dependent diabetes 


mellitus, and other noncardiac diseases likely to influ- 


ence mortality. If Q waves 230 ms in 22 leads were pre- 
sent, the AMI was classified as Q-wave AMI. Leads I, 
aVL and V, to Va were classified as representing myo- 
cardium in the anterior wall, and leads II, HII and aVF 
as involving the inferior wall. If serum creatine kinase- 
MB isoenzyme was 220 U/liter and serum lactate dehy- 
drokinase-1-fraction reached 2170 U/liter, the diagnosis 
of an AMI was confirmed. Actually, a total of 125 
patients fulfilled our inclusion criteria. However, 2 
patients had to be excluded from exercise testing and 
thus final study inclusion, because echocardiography re- 
vealed a moderate pericardial effusion in 1, and a large 
thrombus in the left ventricle in the other. During the 
inclusion period another 6 patients with a first AMI were 
precluded from inclusion because of acute intervention 
before discharge (unstable angina pectoris or ventricular 
septum rupture, or both). 

Exercise testing: One day before discharge all pa- 
tients performed a maximal. symptom-limited bicycle 
ergometer exercise test with 6 standard limb and 12 pre- 
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Early Postdischarge Ambulatory Monitoring 


Group 1 
(n = 23) 


54+8 
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| TABLE 1 Comparison of Characteristics of Patients Recovering 
from a First Myocardial Infarction With (group 1) and Without 
(group 2) Transient Episodes of Myocardial Ischemia During 
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 YABLE Il. Comparison of In-Hospital Characteristics of Patients 
Surviving a First Myocardial Infarction With (group 1) and 
Without (group 2) Transient Episodes of Myocardial Ischemia 
During Early Postdischarge Ambulatory Monitoring 
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was considered positive if 21 mm of horizontal or 
downsloping ST-segment depression was measured 80 
ms after the J point compared with the baseline electro- 
cardiogram. Significant ST-segment elevation was de- 
fined as 21 mm of exercise-induced elevation above the 
rest baseline measured at the J point. Exercise-induced 
ST-segment elevation was not considered ischemic if it 
occurred in leads with pathologic Q waves or had up- 
sloping character, or both. All exercise electrocardio- 
grams were reviewed independently by 2 investigators. 
In cases of disagreement a third independent reading 
was done and the majority opinion prevailed. 
Ambulatory ST- monitoring: At hospital 
discharge, 36-hour ambulatory ST-segment monitoring 
was initiated. We used a calibrated amplitude-modulat- 
ed, 2-channel tape recorder (Tracker Reynolds) with a 
frequency response from 0.05 to 100 Hz. The bipolar 
leads were placed at the location of maximal ST-seg- 
ment depression on the exercise test. A V3(B2)- and a 
V5-like (C3) lead was used if no significant ST-segment 
depression was detected on exercise.! The tapes were 
analyzed visually by a trained technician or 1 investiga- 
tor at 60 times real-time. (Pathfinder H analyzer, Reyn- 
olds), and separate trend curves of ST-segment changes 
and heart rate (ST-segment module, Reynolds) were 
obtained. Significant ST-segment depression was defined 
as horizontal or downsloping ST-segment depression 2l 
mm measured 80 ms after the J point and persisting for 
at least 1 minut Separation of 1 episode from the next 
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Systemic hypertension 3 (13%) 13 (13%) Anterior 11 (48%) 49 (49%) 
Hypercholesterolemia 1 (4%) 5 (4%) Inferior 11 (48%) 42 (42%) 
Non-insulin-dependent diabetes mellitus 2 (9%) 8 (8%) Muitipie/indefinite 1 (4%) 9 (9%) 
Cigarette smokers 18(78%)t 53 (53%)t Type of AMI | 
Previous angina pectoris 11 (48%) 25 (25%) Q-wave 11 (48%) 69 (69%) 
No. of angina attacks Non-G-wave 12 (52%) 31 (31%) 
> 1 per week 8 14 Myocardial enzymes* 
<1 per week 3 l1 Peak creatine kinase-MB 94 + 52 101 + 58 
NYHA class | before AMI 14 (61%) 78 (78%) isoenzyme (U/liter) 
oh i Peak lactate dehydrokinase- 867 + 486 985 + 585 
ean + SD. Ed l 
tp «0.05. "mE | l E l-fraction isoenzyme (U/liter) 
AMI = acute myocardial infarction; NYHA = New York Heart Association. Thrombolytic therapy 6 (26%) 29 (29%} 
Congestive heart failure in CCU 6 (26%) 29 (2995) 
| Sinus tachycardia 5 (22%) 24 (24%) 
cordial leads.! The electrocardiogram was recorded Atrial fibrillation 3 (13%) 12 (12%) 
before exercise, at intervals of 1 minute dünne exercise, p eed E 3 (13% 6 (6%) 
at peak exercise, at immediate recovery, and 2, 4, 6 and | |, ^c Year dc z ` 
Cardiac arrest 4 (17%) 7 (7%) 
29 minutes after exercise. Blood pressures were record- Post-AMI angina (> 72 hours) 4 (1796) 12 (12%) 
ed before exercise, at the end of each 3-minute exercise Reinfarction 0 (096) 2 (2%) 
stage, at peak exercise, and at intervals during postexer- Left ventricular ejection fraction (%)* 49 x 13 48 x 12 
p i dirati 
. cise recovery along with the electrocardiogram. A total | ` ye m 
oe exercise time of 15 minutes was intended. The initial Aspin 14 (61%) 54 (54%) 
|... work load was 30 to 40 W according to age, with step- Digoxin 0 (0%) 6 (6%) 
=. wise increments of the initial work load every third min- Diuretics | 2 (9%) 19 (19%) 
ute until exhaustion, the development of severe chest ad as de : EE S 
ne-acung nitrates 
pain, severe ventricular arrhythmia, or a sustained de- B xod. ee 
crease in systolic blood pressure. The size of ST-seg- ACE inhibitors 0 (0%) 2 (2%) 
ment depression was not used as an end point. The test Antiarrhythmics 1 (4%) 1 (1%) 






“Mean + SD. — . 
ACE = angiotensin-converting enzyme; AMI = 
cosonary Care umt. 


acute myocardial infarction; CCU = 


required the electrocardiogram to return to baseline for 
22 minutes. To be included in the study an episode 
should be finally evaluated by an electrocardiogram 
printout (25 mm/s). All trend curves and electrocar- 
diogram printouts were evaluated independently by 1 
technician and 1 investigator. In case of disagreement 
consensus reading by a third cardiologist unaware of 
patient characteristics was done. The population was 
divided into those with (group 1) and those without 
(group 2) significant ST-segment depression on ambu- 
latory monitoring. During the period of ambulatory re- 
cording, patients were encouraged to engage in normal 
dailv activities and to keep a diary outlining any episode 
of typical chest pain. 

Echocardiography: Two days before discharge all 
patients were examined by 2-dimensional echocardiog- 
raphy. A Toshiba 60A echocardiograph equipped with a 
3.75 MHz transducer was used. The patients were exam- 
ined in the supine and left lateral decubitus position and 
the heart imaged through several acoustic windows 
(parasternal, apical and subxiphoid view). All examin- 
ations were performed and recorded on videotapes by 
the same investigator. Calculation of left ventricular 
ejection fraction was done by a cardiologist from anoth- 
er hospital (JB) who was unaware of other patient data, 
and the measurement was based on the wall motion in- 
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Exercise test, days after AMI 
Patient cooperation optimal 
Hemodynamic exercise variables 

Systolic BP at maximal load (mm Hg) 

Systolic BP increase (mm Hg) - 

Heart rate at maximal load (beats/min) 

Heart rate increase (beats/min) 

Maximal work load (W) 
Exercise-induced ST i 

Time until 1 mm ST | (min) 

Maximal size of ST | (mm) 

Duration of = 1 mm ST | (min). 

Heart rate at 1 mm ST | (beats/min) 

Heart rate at maximal ST | (beats/min) 
Exercise-induced angina 

Time until angina (min) 

Duration of angina (min) ; 

Heart rate at start of angina (beats/min) 
Exercise-induced ST 7 i 

Time until 1 mm ST 1. (min) 

Maximal size of ST f (mm) 

Duration of = 1 mm ST f (min): 

Heart rate at 1 mm ST 1. (beats/min) 

Heart rate at maximal ST f (beats/min) 
Exercise-induced arrhythmias 


























Values are expressed as mean + SD 


dex using a 9-segment model? The motion of the indi- 
vidual segments was semiquantitated as follows: —l 
paradoxical motion, 0 akinesia, +1 hypokinesia, +2 nor- 
mal kinesia, and +3 hyperkinesia. The mean of the 9 
scores constituted the wall motion index. Ejection frac- 
tion was calculated as the sum of the wall motion index 
score multiplied with 30.? Results of echocardiography 
were not known to the investigators who were responsi- 
ble for patient follow-up. E 

Follow-up: Patients were seen in our outpatient clin- 
ic 6 weeks, 3 months, 6 months and 12 months after 
AMI. All patients were followed according to our rou- 
tine regimens, which did not include prophylactic use of 
long-acting nitrates, B blockers or calcium antagonists. 
Thus, antianginal drugs were only given in response to 
symptoms, and the presence of significant ischemia on 
. the exercise or ambulatory electrocardiogram was not an 
indication for anti-ischemic treatment. Coronary an- 
`- giography was reserved for patients with angina pectoris 
refractory to medical therapy. The cardiologist who had 
to decide whether coronary angiography was indicated 
did not know whether significant ST-segment depression 
was present during exercise testing or ambulatory mon- 
itoring. Cardiac events were defined as cardiac death 
with or without AMI, nonfatal AMI, severe angina 
including the need of coronary artery bypass surgery. 
. percutaneous transluminal coronary angioplasty and/or 
 prophylactic treatment with long-acting nitrates, p 
blockers or calcium antagonists. : 

Data handling and statistical analysis: Data were 
prospectively collected on precoded forms and entered 
into a computer file. Group comparisons of 2 groups 
- were done by z test or Mann-Whitney test. Rates were 


Group 1 


8.4 € 2.1 





Group 2 
(n= 100) 


98+5.3 


TABLE ill. Comparison of Predischarge Exercise Test Characteristics in Patients Recovering 
from First Myocardial Infarction With (group 1) and Without (group 2) Transient Episodes of 
Myocardial Ischemia During Early Postdischarge Ambulatory Monitoring 







p Value 


AMI = acute myocardial infarction; BP = blood pressure; ST | 


22 (96%) 96 (96% NS 
160 + 31 176 + 28 0.025 
41 + 24 56 + 22 0.01 
151 x 15 153 x 18 NS 
73 x 18 73 x 19 NS 
137 x 35 153 £38 NS 
19 (83%) 47 (47%) 0.005 
5.5 + 2.4 7.7 x 4.1. 0.03 
4.1 x 2.6 2.6 + 1.6 9.03 
160 * 7.9 14.2 + 6.3 NS 
114 + 22 121 x 27 NS 
142 + 27 143 + 29 NS 
7 (30%) 12 (12%) NS 
6.9 + 1.6 6.8 x 2.6 NS 
9.4 x 6.0 Pi 5.3 NS 
123. x 12 1230521 NS 
11 (48%) 72 (7296) 0.05 
6.3 x 3.8 7.4 € 3.9 NS 
3.0 + 2.4 206412 NS 
13.3 6.3 14,0 = 6.0 NS 
118 x 23 121 $21 NS 
J4l € I3 143 + 26 NS 
5 (22%) 16 (16%) 


= ST-segment depression; ST f} = ST-segment elevation. 


compared by the chi-square test with Yates's correction. - 
When low expected values were found, we used the 2- — 
tailed Fisher's exact test. Throughout the study proba- 
bility values of «0.05 were regarded statistically signifi- 
cant. 


RESULTS 

Ambulatory ST-segment monitoring: Within 33 + 
2 (mean + SD) hours of ambulatory monitoring, 23 of 
the 123 patients (19%) with AMI ‘demonstrated a total 
of 123 ischemic episodes. Thus, the extension of Holter 
recording added 2 more patients, both with a non-Q- 
wave AMI and 30 ischemic episodes, to the findings 
during the initial 24 hours of monitoring? In 2 of 123 
episodes (2%), ST-segment depression was accompa- 
nied by chest pain. The characteristics of ischemic epi- 
sodes in this extended monitoring period were similar to 
characteristics previously reported.? 

Past history: Current cigarette smoking was more 
prevalent in patients with transient ischemia (Table I). A 
history of previous angina also tended to be present 
more frequently in group 1 (p «0.06). 

In-hospital characteristics: In-hospital patient char- 
acteristics are summarized in Table Il. A non-Q-wave 
infarction tended to be seen more frequently in group ! 
patients, but the difference did not reach statistical sig- 
nificance (p «0.1 













v ables revealed a sig- 
pressure response in 
schemia (Table III). 
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— | TABLE IV. Frequency of Cardiac Events at One-Year Follow-Up 


| in 123 Survivors of First Acute Myocatdial Infarction With 
(group 1) and Without (group 2) Transient Ischemia During 
Early Postdischarge Ambulatory Monitoring 


Group 1 Group 2 
No. of Pts. (95) {m= 23) (n-100) pValue 


Cardiac death 0 (0) 515) 























Nonfatal AMI 1 (4) 6 (6) NS 
Severe angina demanding i 
CABG and/or PTCA 5 (22) 4 (4) « 0.02 
Prophylactic antianginal therapy 8 (35) 10 (10) «0.01 
> 1 cardiac event 12 (52) 22 (22) «0.01 





AMI = acute myocardial infarction; CABG = coronary artery bypass surgery; 
PTCA = percutaneous transiuminal coronary angioplasty. 


TABLE V Value of Significant ST-Segment Depression on 
Predischarge Exercise Testing (ExST | ), Ambulatory Monitoring 
(AmST | ) and Combinations of the Methods in Predicting 
Cardiac Events Within One Year After First Acute Myocardial 
infarction 












































ExST i ExST i 

and and/or 
ExST i AmSTi . AmSTi  AmST | 
(n= 66) (n-23) (n=19) (n= 70) 















Sensitivity (%) 
Specificity (%) 48 88 9] 45 


Predictive value 30 52 58 30 
of a positive test (%) 
Predictive value 75 78 78 75 


of a negative test (95) 


old as judged from the exercise duration before signifi- 
cant ischemia, and group | patients also demonstrated 
more pronounced ST-segment depression during exer- 
cise. On stress testing, 14 of the 19 patients with 
ischemia in the ambulatory setting had ischemia in lead 
Vs (C3), whereas 1 had ischemia in lead V4 (B2). In 
addition, 1 patient had ischemia in lead D3.! The re- 
maining 3 patients with ambulant ischemia revealed no 
exercise-induced ischemia in the 12 precordial leads, but 
exclusively in the inferior limb leads. The 19 patients 
with ischemia during both electrocardiographic methods 
attained a heart rate at maximal ST-segment depression 
on Holter recording (96 + 20 beats/min-!), which was 
significantly lower than the ischemic threshold on exer- 
cise testing (114 + 22 beats/min) (p «0.02). Only 4 of 
57 patients (796) without exercise- induced ischemia had 
significant ST-segment depression on Holter recording. 
Exercise-induced ST-segment elevation typically oc- 
curred in leads with pathologic Q waves or the changes 
had upsloping character, or both. 
One-year follow-up: Thirty-four patients (2895) had 
. experienced at least | cardiac event at 1-year follow-up 
.. (Table IV). In patients with transient ischemia, 12 (52%) 
... had at least 1 cardiac event as compared with 22 (22%) 
of those without ischemic episodes (p «0.01). In 66 
. patients with exercise-induced ischemia, 20 (30%) expe- 
- rienced at least 1 cardiac event versus 14 (25%) in 57 
patients without ischemia (p = NS). None of the 5 pa- 
tients who died during follow-up demonstrated residual 
. ischemia on ambulatory recording or predischarge exer- 
-. eise testing. If the 2 electrocardiographic methods were 
.. combined and a positive test result was defined by the 
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Monitoring 














Heart rate in resting 
electrocardiogram (beats / min)* 


















ejection fraction (%)* 







l-vessel disease (> 50%) 3 
2- to 3-vessel disease ( > 50%) 3 
“Moan + SD. 







abbreviations as in Tables | to ifl. 


Group 1 
(n = 23) 


70 € 12 


Systolic BP (mm Hg)* i131 220 


Current smoker 12 (52%) 
Angina pectoris 10 (43%) 
NYHA class i 11 (48%) 
Digoxin 2 (9%) 
Ciuretics 4 (1795) 
Calcium antagonists 8 (35%) 
Long-acting nitrates 6 (26%) 
&blockers 5 (22%) 
= 1 anti-ischemic drug 11 (48%) 
ASE inhibitors 3 (13%) 
Aatiarrhythmics 2 (9%) 
Caronary angiography 6 (2695) 
Left ventricular 59+ 14 


TABLE VI Characteristics at One-Year Follow-Up (day 
368 + 8) in Patients With (group 1) and Without (group 2) 
Transient Ischemia During Early Postdischarge Ambulatory 


Group 2 
(n = 95) 


66 x 10 





133 + 18 
40 (42%) 
13 (14%) 
67 (71%) 
6 (6%) 
12 (13%) 
10 (1196) 
8 (896) 
10 (11%) 
19 (20%) 
4 (A96) 
3 (3%) 
6 (626) 
48+ 18 


1 
5 






p Value 


presence of significant ST-segment depression during 
both techniques (19 patients) and a negative test result 
was defined by the absence of significant ST-segment 
depression during 1 or both methods (104 patients), the 
follewing results were attained: 11 patients (58%) with 


residual ischemia had at least 1 cardiac event. versus 23 


patients (22%) with a negative test result (p «0.01). The 
value of the 2 methods in predicting cardiac events are 


summarized in Table V. One of 4 patients with ischemia 


only in the ambulatory setting had a cardiac event dur- 
ing follow-up (angina pectoris demanding prophylactic 


med:cal treatment). 


Left ventricular ejection fraction in patients with sub- 
sequent cardiac events was 47 + 13% compared with 48 
+ 12% in patients without cardiac events (p = NS). How- 
ever, a significantly lower ejection fraction could be 
demenstrated in the 5 patients who died (32 t 1696) than 
in the 118 survivors (49 + 11%) (p «0.02). Furthermore, 


a left ventricular ejection fraction <30% was present in 
3 of 5 patients (6095) who died of heart disease within 


| year versus 10 of 118 patients who did not (8%) (p 
<0.01). In Table VI the clinical characteristics at 1-year 


follow-up are summarized. 


DISCUSSION 


Limited data are available regarding the relation be- 
tween transient ischemia in patients recovering from a 
recent AMI, and various clinical characteristics.+° The 


data from patients with stable angina!-!? may not be 
representative for early post-AMI patients, as the isch- 
emic burden may be affected by the acute loss of myo- 
cardium,'*!* increased mental stress!5 and disturbances 
in the autonomic balance.! Therefore, we prospectively 
set out to determine the relation between the results of 


Holter ST-segment monitoring 
and predischarge exercise testi 
secutive survivors of first AM 








linical characteristics 
1 a population of con- 
ur final aim was to 





. assess the prognostic significance of residual myocardial 


ischemia and left ventricular function during 1-year fol- 
low-up. 

Nineteen percent of the patients demonstrated ische- 
mia during Holter recording, and 98% of episodes were 
silent. In previous post-AMI studies, a prevalence of 
transient ischemia ranging from 14 to 46% has been re- 
ported.*-? The reasons for these inconsistent findings are 
probably differences in patient groups and study design. 
Postinfarction patients with and without ischemia on 
ambulatory monitoring had similar major clinical char- 
acteristics including left ventricular ejection fraction at 
rest. However, exercise-induced ischemia was signifi- 
cantly more prevalent and severe in patients who also 
had ischemia in the ambulatory setting. Furthermore, 
these patients demonstrated a limited hemodynamic re- 
sponse on exercise testing. Therefore, the results of our 
study imply that exercise variables, which have previ- 
ously been shown to be of prognostic importance in sur- 
vivors of AML,-?? are associated with the presence of 
transient ischemia during ambulatory monitoring. The 
limited hemodynamic response in group 1 patients prob- 
ably reflects the deleterious effect of the increased total 
ischemic burden on left ventricular function.!*?! 

The importance of the maximal size of ST-segment 
depression during exercise testing is still a matter of dis- 
cussion. In some studies this variable has been related 
to the anatomic severity of coronary artery disease,” 
but its prognostic significance is uncertain.5292^ Con- 
flicting opinions also exist regarding the significance of 
exercise-induced ST-segment elevation on stress testing 
in patients with a prior AMI? In the present study, 
ST-segment elevation on exercise testing was signifi- 
cantly more frequent in patients without ambulant is- 
chemia. 

Previous studies have demonstrated an adverse out- 
come in different subgroups of patients with prior AMI 
and transient ischemia on ambulatory monitoring.425925 
- The results of our study indicate that the presence of 
ischemic episodes during early out-of-hospital daily 
activities after a first AMI also is associated with a high- 
er frequency of subsequent cardiac events. Thus, 52% 
of patients with transient ischemia had at least 1 cardiac 
event within l-year follow-up compared with 22% 
among patients without ischemic changes (p <0.01). In 
the present study, the location of electrocardiographic 
leads for ambulatory recording was guided by the results 
from the preceding exercise test. With use of this design, 
the presence of ischemia during daily life carried short- 
term prognostic information supplementary to that of 
exercise testing. However, it should be emphasized that 
none of the 5 patients who died of heart disease had 
myocardial ischemia during either exercise testing or 
ambulatory monitoring. Actually only a few studies 
have reported a significant association between the pres- 
ence of ST-segment depression on post- AMI exercise 
testing or Holter recording and mortality as sole end 
point at 1-year follow-up.^*!9?? Because ST-segment 
depression — whether silent or not — reflects myocar- 
dial ischemia, the significant relation to subsequent 
symptomatic ischemic events found in the present study 
may, after all, just confirm what one most logical might 





expect. Furthermore, the prognosis after a first AMI is ` E 
highly related to the amount of myocardial damage.” In 
agreement with these findings, our study demonstrated a 
significant association between a low left ventricular 
ejection fraction and 1-year mortality. Finally, ST-seg- 
ment depression on Holter monitoring has previously 
been reported to occur relatively rarely in patients with 
poor left ventricular function.!” 

From the results of the present study we do not be- 
lieve that ambulatory ST-segment monitoring should be 
performed routinely in patients recovering from a first 
AMI. However, in patients with residual myocardial is- 
chemia on predischarge maximal exercise testing, Holter 
ST-segment recording may serve as an option in further 
risk stratification in relation to subsequent ischemic 
events. 
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Early angiography may not adequately subgroup 
-patients with myocardial infarction if cyclic 
a pilot experience using a new 124ead ST-seg- 
ment monitor, a continuously updated, self-refer- 
enced ST-recovery analysis method was devel- 
_ oped to quantify both instantaneous recovery, as 
. a noninvasive marker of patency, and cumulative 
ST recovery over time, as a marker of the speed, 
stability and duration of reperfusion. In 22 
patients with acute infarction in whom 44 obser- 
vations of unique angiographic patency were 
noted within 6 hours of presentation, serial 
patency assessments simultaneous with ail 
ty. Of the 22 patients, 11 (50%) had multiple ST 
trend transitions suggesting cyclic changes in 
bility and duration of ST-segment recovery were 
defined by the time to first 50% ST recovery, 
total number of ST-trend transitions and patent 
physiology index (percentage of monitoring peri- 
od showing ST recovery), respectively. Sub- 
grouped angiographically, the median (interquar- 
tile range) for cumulative ST parameters with 
patent (n = 8) versus occluded (n = 14) arteries 
were, respectively — time to 50% recovery, 1.57 
| (1.16, 1.70) versus 0.17 (-0.47, 0.32) hours; num- 
—. ber of reelevation/recovery events, 1.5 (1, 3) 
. versus 3 (1, 3); and patent physiology index, 52 
(47, 59) versus 50 (5, 73). Thus, continuous ST- 
segment recovery analysis appears to predict 
simultaneous angiographic patency over serial 
assessments, whereas cumulative parameters 
appear to contain independent information, prob- 
ably because of patency changes before or after 
angiography. (Am J Cardiol 1993;71:145-151) 
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brief anatomic visualization of the infarct artery 

during the course of ongoing infarction. More 
prolonged angiography has shown that cyclic or "'unsta- 
ble” infarct artery patency is common and consistently 
related to dynamic ST-segment changes. Quantifica- 
tion of the ST-segment recovery process may provide 
both an instantaneous method for serial patency assess- 
ments and a cumulative measure of the speed and sta- 
bility of reperfusion. Analytic methods for ST analysis 
in patients presenting with abnormal ST levels subject 
to sudden marked changes are limited.*’ To address this 
need, we developed a method of self-referenced, con- 
tinuously updated ST-segment recovery analysis paired 
with a new 12-lead digital ST monitor and examined its 
performance in patients who underwent acute angiogra- 
phy during myocardial infarction. The goal of this ret- 
rospective analysis was to examine, in a preliminary 
fashion, the relation of ST-recovery analysis to simulta- 
neous infarct artery patency and the relation of cumula- 
tive ST recovery reflecting speed, stability and duration 
of reperfusion to acute angiographic patency. 


A ngiographically defined patency provides only a 


METHODS 

Patient selection: All patients presented with chest 
pain within 6 hours and ST-segment elevation not re- 
versed with nitrates, as previously detailed.5 All patients 
had myocardial infarction by enzyme elevation and all - 


underwent cardiac catheterization within 6 hours of ad- — 


mission. Choice of therapy and timing of catheterization 
were determined either through physician judgment or 
through the Thrombolysis and Angioplasty in Myocar- 
dial Infarction (TAMI) 5 protocol? ST-segment moni- 
toring data were not accessible to the bedside caretak- 
ers in any case. 

Angiographic analysis: For this analysis the infarct 
artery was defined as patent with Thrombolysis in Myo- 
cardial Infarction (TIMD trial 2 to 3 flow, or as occlud- 
ed with TIMI trial O to 1 flow. Unique angiographic 
observations were included for every patient in whom 
patency change (from patent to occluded or vice versa) 
occurred during catheterization, either spontaneously or 
as a result of further therapy. TIMI flow was determined 
by experienced angiographers (non-TAMI patients) or 
by the TAMI Angiographic Core Laboratory at the Uni- 
versity of Michigan (TAMI 5 patients). In all cases 
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iously3 348 In brief, the device 
npling rate in standard electrocardio- 
K quired every 17 seconds, digitized and im- 


a electrocardiogram for ST-segment changes over time in 





d electrocardiograi leads (X-axis), over time (Z-axis), 


Prep, Quinton Medical, Seattle, Washington) using radi- - 
olucent lead wires and electrodes. A total of 10. elec- 
trodes were placed over the standard 6 precordial posi- - 
tions, with the 4 limb leads placed on the bony clavicles - 
and iliac crests ("monitoring position”) to stabilize 
baseline. Lead positions remained fixed throughout the 
monitoring period. Monitoring was initiated before or as 
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‘soon after the onset of therapy as possible. Exclusions 
from our retrospective analysis included hookup of the 
ST monitor >60 minutes after onset of therapy or inter- 
ruption of the ST information by persistent noise, bun- 
dle branch block, ventricular rhythm or ventricular pace- 
maker. All patients were kept at bed rest. 

ST-recovery scanning and analysis technique:* 
All stored electrocardiographic data were downloaded to 
a personal computer and analyzed with custom-written 


scanning software which we have previously described? - 


All studies were analyzed over the first 6 hours, includ- 
ing the time of angiography. Patterns of ST recovery and 
reelevation associated with cyclic flow changes were 
derived from previous experience with angioplasty bal- 
loon inflation and deflation.*!!'-^ Similarities are graph- 
ically illustrated in Figure 1. The absence of a prede- 
fined “baseline” in the myocardial infarction presenta- 


—tions, however, mandated modifications for quantitative 


measurements. 

The 3-dimensional graphic display in the scanning 
software illustrated in Figure 1 was used to define each 
patient's ST measurement matrix. The measurement 
matrix was taken as the single most abnormal lead in 
the most abnormal electrocardiogram unless the lead lo- 

cation changed over the course of monitoring or multi- 


 *See Appendix for summary of definitions. 
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patient in Figure 1B. Time 
-from onset of monitoring to 
first ST recovery is shown 
as the interval R. Transition 
points (T, to T,3) associ- 
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changes from ST recovery 
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ple precordial zones (where anterior zone = V\-V4; low _ 

lateral zone = Vs-Vg; high lateral zone =I, aVL; and. 
inferior zone = IL, III and aVF): showed ST elevation — — 
simultaneously. With either of these exceptions, the -= 
measurement matrix was taken as the summated abso- - 

lute deviation over the entire 12 leads. Graphic d 
was also used to identify each patient's. 
tern of ST activity, or ST "fingerprint." ? Epis 

















de 
recurrent ST deviation were taken as evidence of infai 
artery reocclusion only when the fingerprint pattern re- 
curred}? "E 
Quality control of the ST matrix and graphic displays 
was afforded by full disclosure 12-lead superimposition 
scanning within the analysis software. Every standard 
12-lead electrocardiogram was directly visualized in the 
Duke Ischemia Monitoring Core Laboratory for all stud- 
ies. | 
Analysis of ST recovery centered on definition of 
"troughs" and ‘‘peaks’’ in the trend of the ST-matrix 
level over time (Figure 2). Troughs and peaks repre- 
sented points of transition from ST recovery to worsen- 
ing or from worsening to recovery, respectively. A tran- 
sition peak was defined as the most abnormal ST level 
directly preceding any single period of ST-segment re- 
covery. ST-segment recovery was defined as resolution 
within a 3-hour period consisting of either (1) 250% 
recovery from the immediately preceding peak ST level 


t (2) 35 to 49% recovery relative to the immediately 
preceding transitien peak; and 25096 recovery relative to 
the most abnormal peak documented at any time in the 
study before the current electrocardiogram. The current 




















A transition treugh was defined as the most normal- 
ized ST level preceding any single period of ST-segment 
reelevation. ST-segment reelevation was defined as re- 
elevation in a matched precordial “fingerprint, '!? evolv- 
ing over S60 minutes and lasting for 260 seconds. Min- 
imal amplitude of reelevation was required to be 2150 
MV in any 2 leads or 2200 uV in a single lead or to a 
level equal to or greater than the level of the most recent 
transition peak. 
.. Recovery intervals were defined as beginning at the 
_ moment of 50% ST recovery and ending at the onset of 
.  reelevation. The time to first 50% ST recovery was de- 
fined as the time from the onset of therapy to the onset 
of the first recovery interval up to a maximum of 6 hours 
if no such recovery occurred within the monitoring peri- 
od. The patent physiology index was taken as the per- 
centage of the monitoring period showing ST recovery, 
defined as the summated duration of all recovery inter- 
vals divided by the total monitoring duration X 100. The 
total number of peaks and troughs from the onset of 
monitoring to the first contrast injection was taken as the 
"number of transitions.” 
Patency assessment at the moment of angiog- 
 raphy: Periods of ST recovery were interpreted as the 
.. result of reperfusiorcand periods of persistent (or re-)ele- 
ation were interpreted as the result of (re-)occlusion. 
eriods of incomplete ST transition were interpreted as 
eterminate patency. In all patients, an ST-recovery 
nalysis patency prediction was logged simultaneously 
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ali patients with subsequent unique angiographic obser- _ 
vations (as previously defined), additional ST-recovery — 
predictions were logged at each of those times. — 

Statistical methods: Al] categorical data are report- 
ed as n (%). Because many of the continuous variables ` 
are not normally distributed, they are reported as 50th — 
(mean 25th, 75th) percentiles. Ranges are often also in- 
cluded. Only descriptive data are reported, and no sta- 
tistical tests were performed. 


RESULTS 

All 22 patients from our pilot experience meeting the 
criteria were analyzed for this report. The infarct artery 
was the left anterior descending in 12, the circumflex in 
2, and the right coronary artery in 8. Acute therapy con- 
sisted of only thrombolytic drugs in 10, only angioplas- 
ty in 2, and both in 10. Median time from chest pain 
onset to initiation of ST monitoring was 4.3 (2.9, 7.6) 
hours. Median time from ST monitoring to onset of 
acute therapy was -0.8 (—1.8, 0.3) hours. 

At the first contrast injection the infarct artery was 
patent in 8 (36%) and occluded in 14 (64%) patients. At 
least 1 period of ST recovery was seen before angiogra- 
phy in 8 patients (100%) with patent arteries, and in lH 
(7955) with occluded vessels. More than 2 transitions to 
reelevation or recovery were seen before catheterization 
in 3 patients (38%) with patent arteries, and in 8 (57%) 
with occluded vessels. The 50th, 25th and 75th percen- 


tiles, and ranges for time to first 50% ST recovery, the — 


number of transitions over the monitoring period, and 
patemt physiology index in patients with patent versus 
occluded arteries are shown in Figure 3. Patients with 
angiegraphically occluded vessels had a somewhat 
shorter time interval from onset of therapy to some evi- 
dence of transient reperfusion than did patients with 
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of reperfusion physiology over the 6 hours monitored 
were similar whether the initial angiogram showed a 
putent vessel or an occluded one. 

~~ In all 22 patients, «5096 ST recovery or ST reeleva- 
‘tion was 100% sensitive and specific for simultaneous 
 angiographic occlusion on first contrast injection. Of the 


44 angiographically documented patency changes in 


these 22 patients, sensitivity and specificity for angio- 
graphic occlusion were 90 and 92%, respectively. - 

In 16 of our 22 patients, ST-segment. monitoring. was 
"initiated before therapy. Of these 16 patients, ST-seg- 
ment recovery occurred at least once before therapy 
- (suggesting spontaneous reperfusion) in 5 (31%) (Figure 
d 
ae The n major findings of this study are twofold, First, 
-serial instantaneous assessments of ST-segment recov- 
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to predict simultaneous infarct artery patency, even over 
multiple changes of patency. Second, patency defined 
acutely by a single angiographic procedure does not ap- 
pear to correlate with the rate, stability and duration of 
ST recovery quantified cumulatively over time periods 
broader than the catheterization itself. We interpret these 
findings to indicate that unstable ST-segment recovery 
reflects cyclic flow changes in the infarct vessel that may 
occur before, during or after the brief period of time 
documented by angiography. In our study group, 50% 
of patients exhibited ST-segment evidence of cyclic flow 
before catheterization. The incidence of this observation 
is similar across all 5 other studies that have used con- 
tinuous electrocardiographic monitoring early i in myocar- 
dial infarction. ^57 Of our 16 patients in whom ST 
monitoring was begun before therapy, 31% showed evi- 
dence of spontaneous reperfusion, similar to our findings 
in previous work.!! This Spontaneous behavior suggests 
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^. assessment may be to "undersampling " 





Sr may be 
infarction on which therapy is superimposed. 


It has previously been suggested that cyclic changes - 


in infarct artery patency may have functional impor- 
tance? Correlations of slow or unstable ST-segment re- 
covery with poor regional wall níotion, larger enzymat- 
ic infarct size, and poor clinical patient outcome and sur- 
vival?!^-!? have been reported. None of these reports, 
however, have detailed quantitative parameters for cu- 
mulative ST recovery over time. The ramifications of 
such a method are illustrated in Figure 4. In a multifac- 
torial trial design comparing thrombolytic regimens us- 
ing acute angiographic patency and correlating acute 
patency to predischarge left ventricular function,’ all 3 
patients in Figure 4 were described as having patent left 
anterior descending infarct arteries. However, ST-re- 
covery patterns suggest different rates, stability and du- 
ration of reperfusion within this ‘“homogenous’ ' angio- 
graphic group (Figure 4). The patient in Figure 4A 
shows early cyclic flow changes and early stable reper- 
fusion. The patient in Figure 4B shows persistent occlu- 
sion until just before angiography, with stable reperfu- 
sion thereafter. The patient in Figure 4C shows the ear- 
liest evidence of reperfusion, but with ongoing cyclic 
flow changes and very low duration of patency over a 
4-hour period before and after angiography. As our pilot 
data suggest, quantification of cumulative ST recovery 
over time with parameters reflecting the speed, stability 
and duration of reperfusion may provide an independent 
physiologic context for the interpretation of acute angio- 
graphic anatomy. 

The data we report represent a pilot experience ac- 
quired while familiarizing community and university 
hospitals with the use of 12-lead ST monitors. These 
data do not represent à prospective or formally blinded 
analysis, a consecutive patient population, or a sample 
size large enough to draw rigorous conclusions about the 
accuracy of the method for real-time patency prediction. 
Acute angiographv was performed by protocol in some 
and by clinical selection in others. No functional out- 
come or left ventricular function data were analyzed, so 
inferences about ST recovery and functional outcome 
remain unproven. 

Despite these limitations, the implications of the 
method and the pilot results are no less intriguing. An- 
giographically homogenous subgroups appear to be 
physiologically heterogenous as quantified by continu- 
ous ST-recovery analysis. Seventy-nine percent of our 
patients with occluded vessels at angiography had at 
least 1 episode of ST recovery before catheterization, 
suggesting transient reperfusion. The time to first evi- 
dence of reperfusion was somewhat earlier in patients 
. with angiographically occluded vessels than in those 

with patent arteries. Even our limited data show un- 
equivocally how vulnerable a single angiographic 
a dynamic 
phenomenon such as an ongoing myocardial infarction. 
Determination of the actual additional information con- 
tent provided by quantification of continuous ST-seg- 
ment recovery must await a proper prospective trial 
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he gran s plang of pon 


us patency assessments based on 


ST pne n fecovery analysis also have clinical man- 


ement and investigational potential. Current technol- 
ogy makes 12-lead ST -segment monitoring with a por- 
able device feasible in small community hospitals as 
well as during transport between hospitals, as was fre- 
quently done in this pilot. Thus, unlike angiography, ST- 
segment monitoring can be initiated from the onset of 
therapy, and can be continued for as long as the patient 
IS at bed rest. Triage of patients given thrombolytic ther- 
apy to aggressive or conservative therapeutic strategies 
could be better studied and managed with a continuous 
noninvasive marker of failed or unstable reperfusion that 
Was accurate over serial assessments in real time. A 
prospective, blinded experience including acute catheter- 
ization by protocol in a larger patient population is cur- 
rently being analyzed to better assess the method's per- 
formance in this respect. 

Thus, this pilot experience demonstrates that contin- 
uous 12-lead ST-segment monitoring can be initiated in 
a timely and practical fashion using currently available 
technology. Paired with our method of ST-segment re- 
covery analysis using self-referenced, continuously up- 
dated measurements, both real time and retrospective 
determination of the speed and stability of reperfusion 
appear likely to provide unique and useful information 
for both investigational and clinical purposes. More rig- 
orous assessment of this potential must await further 
study. 
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APPENDIX: SUMMARY OF ST-MEASUREMENT 
AND PARAMETER DEFINITIONS 

ST-measurement matrix (trend): (1) the most ab- 
normal single lead from the maximally abnormal elec- 
trocardiogram (default), or (2) summated deviation (sum 
of absolute differences per lead) if either (A) the single 
most abnormal lead designation changes across 22 leads, 
B) there are 22 precordial zones show ST elevation. 

Transition points: TRANSITION PEAK: the most abnor- 
mat electrocardiogram immediately preceding a period 
of 250% ST-segment recovery. 

TRANSITION TROUGH: the most normalized electrocar- 
diogram immediately preceding a period of ST reeleva- 
tion: 

ST-segment recovery and reelevation: ST-SEGMENT 
RECOVERY: (1) resolution of 250% of the immediately 
previous transition peak, or 35 to 49% of the immediate- 
ly previous transition peak and >50% of the most ab- 
normal matrix level over the entire recording period up 
to the current electrocardiogram, and (2) developing with- 
in 3-hour period. 

ST-SEGMENT REELEVATION: (1) ST-reelevation devel- 
oping within a 1-hour period; and (2) lasting >60 sec- 
onds; and (3) in matched “‘fingerprint’’ zone; and (4) 2 













on of the first sme A A T ST-seg T 
reelevation. pe a 
Trend parameters: TIME TO FIRST EVIDENCI SOFR 






FUSION: the time from the onset of lytic therapy to the 


onset of the first ST-segment recovery interval. 


PATENT PHYSIOLOGY INDEX PERCENTAGE (PPI%): ‘the sum i 


- of the duration of all ST-recovery intervals divided. by 
the duration of the total recording period X100. - 

- . NUMBER OF TRANSITIONS: the total number of transi- 
; tion peaks and troughs over the recording period. 
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The incidence of secondary ventricular fibrillation 


(VF) complicating acute myocardial infarction 
(AMI) was 2.4% in a large cohort of unselected 
patients with AMI (142 of 5,839). Secondary VF 
was more frequent in patients with recurrent AMI 
(4%) than in those with a first AMI (1.9%) (p 
<0.01). The hospital course was more complicat- 
ed and in-hospital mortality was significantly 
higher in patients with secondary VF than in 
those with the same clinical hemodynamic condi- 
tion but without VF (56 vs 16%; p <0.0001). Multi- 
variate analyses confirmed secondary VF compli- 
cating AMI as an independent predictor of high 
in-hospital mortality, with an odds ratio of 7 (95% 
confidence interval 4.6-10.6). However, long-term 
mortality after discharge (mean follow-up 5.5 
years) was not increased in patients with as 
compared with those without secondary VF (39 
vs 42%). These findings were also true when pa- 
tients receiving () blockers and antiarrhythmic 
therapy were excluded from analysis. Thus, this 
life-threatening arrhythmia occurring during hos- 
pitalization is not a marker of recurrent suscepti- 
bility to VF or an indicator of increased mortality 
after discharge from the hospital. 

(Am J Cardiol 1993;71:152-156) 
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e recently reported that ventricular fibrillation 
(VF) in patients without congestive heart fail- 
ure (primary VF) complicating acute myo- 
cardial infarction (AMI) was associated. with higher in- 
hospital mortality, but did not affect the long-term prog- 
nosis of hospital survivors of AML! The data were in 
accordance with the conclusions of the Gruppo Italiano 
per lo Studio della Streptochinasi nell'Infarto Miocar- 
dico (GISSD study group’? who also reported that sec- 
ondary VF (VF in the setting of congestive heart fail- 
ure), although associated with increased in-hospital mor- 
tality, did not have a predictive value for survival 1 year 
after discharge." However, these studies did not specifi- 
cally assess the possible effect of therapy on the poten- 
tial value of VF as a marker of risk of subsequent death 
in patients surviving AMI. 

‘The present study evaluates the incidence of secon- 
dary VF, in-hospital characteristics and long-term out- 
come of patients with secondary VF complicating AMI 
in a large, nationwide cohort of 5,839 unselected pa- 
tients hospitalized in 13 coronary care units in Israel. 


METHODS 
Between 1981 and 1983, we conducted a secondary 
prevention study entitled Secondary Prevention Rein- 
farction Israeli Nifedipine Trial (SPRINT). The study 
examined the use of nifedipine (30 mg/day) versus pla- 
cebo among 2,276 patients surviving AMI (aged 30 to — 
74 years) after day 7 of hospitalization. The methods. 
and results were previously reported.? Nifedipine did not 
affect mortality or reinfarction in these patients.? During 
the study period, a log book of all patients with AMI 
admitted to the coronary care units of the participating 
hospitals was maintained (SPRINT Registry; n = 5,839). 
The study criteria for the diagnosis of AMI were pre- 
viously published. The Minnesota Code was used for 
the localization of AMI to anterior (V;—Vs), inferior — 
(leads 2 and 3, and a VF), lateral (lead 1, aVL and V) 
and undetermined sites.’ | 
Continuous electrocardiographic monitoring was per- 
formed during the patient's stay (248 hours) in the coro- 
nary care unit. Cases of VF documented on the bedside 
monitor, the central monitoring station or by standard 
electrocardiograph were included in the analysis. —— 
Secondary VF was defined as an occurrence of this 
arrhythmia in patients in Killip class H or IH at the time 
of the arrhythmia manifestation. Patients in cardiogenic 
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"shock. who. had VF were. excluded from the analysis, 
because in these cases, VF was '*terminal" rather than 
secondary, with a very high mortality rate (96%) unaf- 
fected by the presence of VE All patients in the same 
clinical hemodynamic state (Killip class II or HD) either 
on admission or during hospitalization, but without this 
arrhythmia, constituted the reference group (n = 1,739). 
There was no standard policy of prophylaxis with lido- 
caine during the study period. 

Data acquisition: Demographic, historical and clini- 
cal data during hospitalization were collected on study 
forms for all patients in the Registry. One-year morbid- 
-ity and mortality follow-up was completed by periodic 
medical visits, hospital records and, in a small group of 
- patients, telephone interviews. Mortality follow-up was 
'd to mid-1988 (mean 5.5 years) for 99% of hos- 

jivors through use of the Israel National Popu- 

lation Registry. All deaths were reviewed independently 
- by 2 cardiologists for assessment of the mode of death 
. ‘and divided into the following 3 main groups: (1) sud- 
. den cardiac death (occurring within 24 hours from on- 
- set of symptoms), (2) nonsudden cardiac death, and (3) 
noncardiac death. 
-`o Statistical analysis: Age-adjusted prevalence rates 

of characteristics correlated with secondary VF have 
been calculated. Multivariate logistic analysis of hospi- 
tal and postdischarge mortality yielded estimates of the 
covariate-adjusted predictive power of secondary VF in 
early (in-hospital) mortality. SAS software was used, 
specifically the FREQ? and CATMOD? procedures. 





RESULTS 

One hundred forty-two of 5,839 patients (2.4%) in 
the Registry had secondary VF, as defined previously. 
This incidence was equal in both sexes, and not signifi- 
cantly different in elderly patients and patients with pri- 
or angina or systemic hypertension. However, secondary 
VF was significantly more frequent in patients with a 
recurrent AMI than in those with a first AMI (p <0.001). 
Table I summarizes the baseline characteristics and hos- 
pital course of patients with and without secondary VF. 
The group with secondary VF did not differ demo- 
graphically or by history from the reference group, ex- 
cept for history of AMI, which was significantly higher 
in the former group. Patients with secondary VF had the 
same degree of congestive heart failure on admission, 
. but subsequently had a significantly increased rate of 
congestive heart failure, as well as rhythm disturbances. 
They had high elevation (24 times the upper normal 
limits) of serum cardiac enzymes levels significantly 
more often than did patients without secondary VE. 

The in-hospital mortality rate was 3.5 times higher 
in patients with secondary VF than in those in the refer- 
ence group (p «0.0001) (Table ID. However, in suc- 
cessfully resuscitated patients during the acute phase, 
mortality after discharge was not increased (Table ID). 
When mortality after discharge was assessed in hospital 
survivors who did not receive B blockers or antiarrhyth- 
mic drugs on discharge from the hospital, patients suc- 
. cessfully resuscitated from secondary VF had similar 1- 
- year (19%) and decreased 5-year (33%) mortality rates 
compared with those without secondary VF (18 and 


VENTRICULAR FIBRILLATION COMPLICATING ACUTE MYOCARDIAL INFARCTION ! 





TABLE | Characteristics of Patients Complicated with 
Secondary Ventricular Fibriltation 

























Secondary VF Reference 
(n= 142) (n= 1,739) p 
No. (76) No. C5) Value 

Men 107 (75) 1,240 (71) NS 
Age (yea) (mean + SD) 65 x 10 66 + 10 NS 
History 

Myocardial infarction 58 (41) 520 (30) <0.01 

Angina pectoris 74 (56) 889 (53) NS 

Systemic hypertension 64 (48) 706 (42) NS 

Diabetes mellitus 28 (20) 366 (21) NS 
Infarct site NS 

Anterior 70 (49) 958 (55) 

inferior 47 (33) 514 (30) 
Admission (Killip class) NS 

il 76 (54) 833 (48) 

i 11 (8) 188 (11) 
Chest x-ray 

Cardiomegaly 70 (50) 753 (44) NS 

Pulmonary congestion 88 (62) EI27165) NS 

or edema 

Complications 

Ventricular tachycardia 62 (44) 329(19) «0.001 

Paroxysmal atrial fibrillation 39 (27) 382 (22) NS 

2° or 3° atrioventricular 32 (23) 191 (11) <0.001 

block 

Congestive heart failure 98 (69) 945 (54) 90.001 
Cardiac enzymes > 4/normal 

Creatine kinase 94 (74) 976 (59) <0.001 

Glutamic oxalotransaminase 79 (62) 861(51) «0.02 

Lactic dehydrogenase 45 (36) 339 (20) «0.001 


VF = ventricular fibrillation. 


TABLE li. Hospital and Long-Term Mortality in Patients With 
and Without Secondary Ventricular Fibrillation 


Secondary VF 


Reference Group 


No. (%) 
80/142 (56) 


No, (96) 


Hospital 271/1,739 (16) 
Postdischarge 
1 year 


5 years 


8/62 (13) 
24/62 (39) 


VF = ventricular fibrillation. 


244/1,468 (17) 
623/1,468 (42) 





45%, respectively), although these differences were not 
statistically significant. In hospital survivors with anteri- 
or AMI, 1- and 5-year mortality were not increased in 
patients who had secondary VF during hospitalization | 
compared with those without secondary VF (12 and. 
44% vs 17 and 40%, respectively). In survivors of inferi- 
or AMI and secondary VF, 15 and 37% died in 1 and 
5 years, respectively, compared with 14 and 40%, re- 
spectively, in patients without secondary VE The caus- 
es of hospital and 1-year deaths are presented in Table 
III. During hospitalization, sudden death was more fre- 
quent in patients with (50%) than in those without (41%) 
secondary VF, but this difference was not statistically 
significant. The actuarial survival curves of patients with 
and without secondary VF are shown in Figure 1. 
The independence of the association between the oc- 
currence of secondary VF and increased in-hospital 
mortality was examined by multiple logistic functions 
within the SPRINT Registry population (n = 5,839). 
After adjustment for age, sex, history of AMI, diabetes, 
site of the AMI, and serum enzymes in excess of 4 umes., 
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Secondary m : 
VF Reference: “VE Reference 
(n = 80* (n=271) (n8) (n= 244) 
No. (%) No. (96) No. (%) No. (%) 















Sudden 40 (50) 110 (41) 3 (37) 114 (47) 
Cardiac nonsudden — 39 (49) 145 (54) 5 (63) 90 (37) 
Other 1(0) 16 (6) 0 (0) 40 (16) 













*p «0.06 for difference versus distribution of made of death in reference group. 
tp = NS for difference versus distribution of mode of death in reference group. 
VF = ventricular fibrillation. 




































the upper normal limit, the odds ratio for in-hospital 
mortality of secondary VF was 7 (95% confidence inter- 
val [CI] 4.6-10.6;. When, in addition, adjustment was 
performed for major complications occurring during 
hospitalization and predictive of hospital mortality, such 
as 2nd or 3rd degree atrioventricular block, congestive 
heart failure and prolonged hypotension, the odds ratio 
of secondary VF was reduced to 5.1 (95% CI 3.5-7.5). 


DISCUSSION 

incidence of secondary ventricular fibrillation: 
The 2.4% incidence of secondary VF complicating AMI 
in this study (conducted before the introduction of 
thrombolytic therapy) is lower than that reported in pre- 
vious studies (4 to 7%),!°!! but similar to that of the 
GISSI study (2799). Moreover, if patients in cardio- 
genic shock who had VF were included in our analysis, 
the incidence of secondary VF would have increased to 
3.896 (data not shewn). In this study, VF occurring in 
patients with cardiogenic shock was considered as a 
“‘prelethal’’ arrhythmia, having no additional influence 
on prognosis, and therefore was excluded from analysis. 
In the GISSI study* the salutary effect of thrombolysis 
in reducing the incidence of secondary VF was present 
in patients with congestive heart failure, but not those 
already in cardiogenic shock. The incidence of secon- 
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patients with reci i ur 
gender and age, as previou: " Whereas the 
higher incidence of secondary accordance with 
the greater likelihood of multivessel coronary i artery dis- 
ease or left ventricular dysfunction in patients with re- 
current AMI,!*:!3 the equal incidence of secondary VF 
among men and women in this and previous studies is 
surprising in view of the greater prevalence of adverse 
baseline factors and higher mortality rates in women 
during AMI.*!4 

in-hospital mortality: We found that secondary VF 
complicating AMI was strongly associated with in- 
creased in-hospital mortality. Fifty-six percent of pa- 
tients in Killip class II or IH died in the hospital after 
VE. The death rate of a large reference group with sim- 
ilarly distributed baseline characteristics and similar clin- 
ical severity of AMI on admission to coronary care units 
was only 16%. The negative prognosis of secondary VF 
remained after multivariate analysis, including predictors 
for increased in-hospital mortality, such as history of 
AMI, higher rate of subsequent congestive heart failure 
during hospitalization, higher incidence of ventricular 
tachycardia, advanced atrioventricular block and higher 
seram enzyme levels (glutamic oxalotransaminase and 
lactate. dehydrogenase), yielding a covariate-adjusted 
odds ratio of 7 (95% CI 4.6—10.6). Our data on short- 
term outcome are in accordance with those of previ- 
ous studies, including GISSI.*.10.11.15 The significant- : 
ly increased mortality associated with secondary VF in. . 
the Multicenter Investigation of the Limitation of Infarct — 
Size (MILIS) study!! remained after adjustment for left 
ventricular ejection fraction. 

Whether secondary VF contributes directly to the 
increase of in-hospital mortality or identifies patients 
with AMI at higher mortality risk cannot be concluded 
with certainty from our observations or those of other 
investigators. Secondary VF may induce sudden hemo- 
dynamic deterioration, leading to increased mortality. In 
several studies, the prophylactic administration of lido- 








FIGURE 1. Actuarial survival curves of - 
patients with ventricular 


Ran (compo ih rafer 
ence group. 














caine in AMI, although successful i in | reducing the inci- 
dence of VF, did not produce a substantial reduction of 
the in-hospital mortality rate.!©'!* The high rate of com- 
plications during hospitalization and the increased levels 
of serum cardiac enzymes in patients with secondary VF 
suggest that the latter patients may have larger infarcts 
and therefore are at increased risk. 

mortality: Among patients surviving AMI, 
the [year postdischarge mortality rate was 13% in those 
resuscitated from secondary VF compared with 17% in 
those without VF (Table ID. These rates were 10.4 and 
13.9%, respectively, in the GISSI study. 

In a recent study by Schwartz et al? young patients 
(aged «65 years) with a first anterior AMI, who were 
successfully resuscitated during hospitalization. from 
ventricular tachycardia or VF, subsequently had signifi- 
cantly reduced mortality if randomized to oxprenolol 
(2.7%) or to left cardiac sympathetic denervation (3.6%) 
compared with those allocated to placebo (21.3%) over 
a mean follow-up of 22 months. In our study, only H% 
of surviving patients successfully resuscitated from sec- 
ondary VF received B blockers, but that treatment was 
not associated with a reduced mortality. When long-term 
mortality statistics were compared by AMI site, patients 
with anterior and inferior AMI had similar mortality 
rates irrespective of the presence of secondary VF dur- 
ing hospitalization. Most surviving patients after sec- 
ondary VF in our study were receiving antiarrhythmic 
drugs that were recently shown not to improve long- 
term prognosis.” No differences in mortality rates were 
observed between surviving patients with and without 
secondary VF (39 vs 4296), as found in previous stud- 
ies with shorter follow-up, suggesting that long-term sur- 
vival after AMI is not related to the in-hospital occur- 
rence of VF, but to the degree of myocardial damage 
and extent of coronary artery disease.*! 

In conclusion, this and previous studies*+!' indicate 
that arrhythmias occurring during hospitalization do not 
increase the risk of subsequent death in patients sur- 
viving AMI. 
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IN ANGINA AND HYPERTENSION” 


24-hour control through a unique delivery system 
designed specifically for diltiazem‘ 


e. 
19-94 hours Oso. 
Bo, 


CARDIZEM CD provides 24-hour plasma levels similar to 
those of Cardizem tablets tid at steady state’ 









0-12 hours 








| | Cardizem CD 360 mg once daily 
(_) Cardizem Tab 190 mg tid 


0 9 4 6 8 10 12 14 16 18 
HOURS 


One daily dose provides effective plasma levels’ 


* Cardizem CD is indicated for the treatment of hypertension. It may be used alone or in combination with other 


antihypertensive medications. Cardizem CD is indicated for the management of chronic stable angina and angina 
due to coronary artery spasm. 


T Patent pending. 


Please see brief summary of prescribing information on adjacent page. 


“alt, © 
na E m 


E -— ems a m » DS 


CCDAJ339/A0311 
1032T2 





IN ANGINA 


Reduces the frequency of angina attacks — through 24 hours’ 


J Baseline 


E) Post-treatment 


J Baseline 


E Post-treatment 





NUMBER OF ATTACKS PER WEEK 





Placebo Cardizem CD Cardizem CD Placebo Cardizem CD Cardizem CD 
(n=39) 190 mg ad 360 mg ad (n239) 190 ms ad 360 mg ad 
(n237) (n=40) (n=37) (n=40) 


* At rest and on exertion. 


IN HYPERTENSION 


Consistent antihypertensive effect seen throughout 24 hours? 


ES 
co 
C 





- m wu w Pacco 
— - Cardizem CD 


Ambulatory BP subset: 4 of 9 sites performed 
ambulatory bp monitoring. The 47 patients enrolled 
at these sites were clinically and demographically 
10 - representative of the total study population. 

Mean supine cuff DBP at baseline 99.3 + 0.6 
placebo; 99.4 + 0.7 Cardizem CD 


MEAN DIASTOLIC BLOOD PRESSURE (mmHg) 
Co 
C2 





a pm 11 pm 2 am 3 
TIME OF DAY Adapted from Massie et al.2 





e Overall study results (197 patients) show a significant mean change at 24 hours in 
both diastolic (P20.0075) and systolic (P=0.0009) blood pressure vs placebo? 


e Cardizem CD average daily dose 268 mg/day 


Unlike some once-a-day antihypertensives, titration to bid 
dosing is not necessary with Cardizem CD 


Please see brief summary of prescribing information on adjacent page. 
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CARDIZEM 


(diltiazem HCl) 120-,180-, 240-, 300-mg Capsules 


EXCELLENT TOLERABILITY WITH 
CONVENIENT DOSING 
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IN ANGINA AND HYPERTENSION 


Extremely well tolerated? 


CARDIZEM CD Placebo-Controlled 


* * * 


Angina and Hypertension Trials Combined 


Cardizem CD Placebo 
Adverse Reaction n=607 n=301 


Headache 


Dizziness 
Bradycardia 

AV Block First Degree 
Edema 

ECG Abnormality 
Asthenia 


5.4% 
3.0% 
3.3% 
3.3% 
9.696 
1.6926 
1.8% 


5.0% 
3.0% 
1.3% 
0.0% 


VESA 


2.3% 
1.7% 





In clinical trials of Cardizem CD capsules, Cardizem tablets, and Cardizem SR capsules 
involving over 3200 patients, the most common events (ie, greater than 1%) were 
edema (4.6%), headache (4.6%), dizziness (3.5%), asthenia (2.6%), first-degree 
AV block (2.4%), bradycardia (1.7%), flushing (1.4%), nausea (1.4%), and rash (1.2%). 


? ¢ 


ty 
120-mg 180-mg 240-mg 300-mg 
capsules capsules capsules capsules 





For angina or hypertensive patients, a recommended 
starting dose: 


e One 180-mg capsule daily 
* If necessary, titrate to optimum response 


LOWER PRICE 


Based on average wholesale prices using equivalent 
mg/day doses’: 
* 35% lower cost than Cardizem? (diltiazem HCI) tablets for angina 
— Cardizem tablets are available as 30, 60, 90, and 120 mg 
* 25% lower cost than Cardizem? SR (diltiazem HCI) capsules 
for hypertension 
— Cardizem SR capsules are available as 60, 90, and 120 mg 


Please see brief summary of prescribing information on adjacent page. 
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Brief Summary of 
Prescribing Information as of October 1992 (2) 


CARDIZEM CD 

(diltiazem HCI) 

Capsules 

CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus syndrome except in the presence of a functioning ventricular pacemaker, (2) patients with 

second- or third-degree AV block except in the presence o! a functioning ventricular pacemaker, (3) patients with hypotension (less than 90 mm Hg sys 

tolic), (4) patients who have demonstrated hypersensitivity to the drug, and (5) patients with acute myocardial infarction and pulmonary congestion docu 

mented by x-ray on admission 

WARNINGS 

1. Cardiac Conduction CARDIZEM prolongs AV node refractory periods without significantly prolonging sinus node recovery time except in patients with sick 
sinus syndrome. This effect may rarely result in abnormally slow heart rates (particularly in patients with sick sinus syndrome) or second- or third-degree AV 
block (13 of 3.290 patients or 0.40%). Concomitant use of diltiazem with beta-blockers or digitalis may result in additive effects on cardiac conduction. A patient 
with Prinzmetal's angina developed periods of asystole (2 to 5 seconds) after a single dose of 60 mg of diltiazem 

2. stiv ilure. Although diltiazem has a negative inotropic effect in isolated animal tissue preparations, hemodynamic studies in 
humans with normal ventricular function have not shown a reduction in cardiac index nor consistent negative effects on contractility (dp/dt). An acute 
study of oral diltiazem in patients with impaired ventricular function (ejection fraction 24% 6%) showed improvement in indices of ventricular func- 
tion without significant decrease in contractile function (dp/dt). Worsening of congestive heart failure has been reported in patients with preexisting 
impairment of ventricular function. Experience with the use of CARDIZEM (diltiazem hydrochloride) in combination with beta-blockers in patients with 
impaired ventricular function is limited. Caution should be exercised when using this combination 

3. Hypotension. Decreases in blood pressure associated with CARDIZEM therapy may occasionally result in symptomatic hypotension 

4. Acute Hepatic Injury. Mild elevations of transaminases with and without concomitant elevation in alkaline phosphatase and bilirubin have been observed 
in clinical studies. Such elevations were usually transient anc frequently resolved even with continued diltiazem treatment. In rare instances significant eleva- 
tions in enzymes such as alkaline phosphatase, LDH, SGOT, SGPT, and other phenomena consistent with acute hepatic injury have been noted. These reac- 
tions tended to occur early after therapy initiation (1 to 8 weeks) and have been reversible upon discontinuation of drug therapy. The relationship to 
CARDIZEM is uncertain in some cases, but probable in some. (See PRECAUTIONS ) 

PRECAUTIONS 

General 

CARDIZEM (diltiazem hydrochloride) is extensively metabolized by the liver and excreted by the kidneys and in bile As with any drug 

given over prolonged periods, laboratory parameters of renal and hepatic function should be monitored at regular intervals. The drug 

should be used with caution in patients with impaired renal or hepatic function. In subacute and chronic dog and rat Studies 

designed to produce toxicity, high doses of diltiazem were associated with hepatic damage. In special subacute hepatic stud- 

ies, oral doses of 125 mg/kg and higher in rats were associated with histological changes in the liver which were 

reversible when the drug was discontinued. In dogs, doses of 20 mg/kg were also associated with hepatic changes 

however, these changes were reversible with continued dosing 

Dermatological events (see ADVERSE REACTIONS section) may be transient and may disappear despite 

continued use of CARDIZEM. However, skin eruptions progressing to erythema multiforme and/or 

exfoliative dermatitis have also been infrequently reported Should a dermatologic reaction 

persist, the drug -g be discontinued 

Drug Interactions 














Available as 
Once-A-Day 


Due to the potential for additive effects. caution and careful titration are warranted 
in patients receiving CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS.) Pharmacologic studies indicate that 
there may be additive effects in prolonging AV conduction when using beta-blockers or digitalis con- 
comitantly with CARDIZEM. (See WARNINGS.) E 
As with all drugs, care should be exercised when treating patients with multiple medications CARDIZEM M 
undergoes biotransformation by cytochrome P-450 mixed funetion oxidase. Coadministration of CARDIZEM 
with other agents which follow the same route of biotranstormation may result in the competitive inhibition of 
metabolism. Dosages of similarly metabolized drugs such as cyclosporin, particularly those of low therapeu- 
tic ratio or in patients with renal and/or hepatic impairment, may require adjustment when starting or stopping 
concomitantly administered CARDIZEM to maintain optimum therapeutic blood levels 

Beta-blockers. Controlled and uncontrolled domestic studies suggest that concomitant use of CARDIZEM M 
and beta-blockers is usually well tolerated, but available data are not sufficient to predict the effects of con- 
comitant treatment in patients with left ventricular dysfunction ar cardiac conduction abnormalities 
Administration of CARDIZEM (diltiazem hydrochloride) concomitantly with propranolol in five normal volun- 
-teers resulted in increased propranolol levels in all subjects anc bioavailability of propranolol was increased 
approximately 50%. In vitro, propranolol appears to be displaced from its binding sites by diltiazem. If com- 
bination therapy is initiated or withdrawn in conjunction with propranolol, an adjustment in the propranolol M. 
dose may be warranted. (See WARNINGS.) 
Cimetidine. A study in six healthy volunteers has shown a significant increase in peak diltiazem plasma lev- E 
els (58%) and area-under-the-curve (53%) after a 1-week course of cimetidine at 1200 mg per day and a single 

dose of diltiazem 60 mg. Ranitidine produced smaller, nonsignificant increases. The effect may be mediated by 300-mg capsules 
cimetidine’s known inhibition of hepatic cytochrome P-450, the enzyme system responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem therapy should be carefully monitored for a 
change in pharmacological effect when initiating and discontinuing therapy with cimetidine. An adjustment in 
the diltiazem dose may be warranted. 

Digitalis. Administration of CARDIZEM with digoxin in 24 healthy male subjects increased plasma digoxin 
concentrations approximately 20%. Another investigator found no increase in digoxin levels in 12 patients with 
coronary artery disease. Since there have been conflicting results regarding the effect of digoxin levels. it is rec- 
ommended that digoxin levels be monitored when initiating, adjusting, and discontinuing CARDIZEM therapy to 
avoid possible over- or under-digitalization. (See WARNINGS.) 

Anesthetics The depression of cardiac contractility, conductivity, and automaticity as well as the vascular 
dilation associated with anesthetics may be potentiated by calcium channel blockers When used concomi- 


120-mg capsules 
180-mg capsules 


240-mg capsules 


CITY, MO 


?^39/A0311 


64114 


ONCE-A-DAY 
CARDIZEM CD 


24-HOUR CONTROL 
OF ANGINA AND HYPERTENSION 


arcinogenesis, Mutagenesis, Impairment of Fertili 
A 24-month study in rats at oral dosage levels of up to 100 mg/kg/day and a 21-month study in 
mice at oral dosage levels of up to 30 mg/kg/day showed no evidence of carcinogenicity. There 
was also no mutagenic response in vitro or in vivo in mammalian cell assays or in vitro in bacteria 
No evidence of impaired fertility was observed in a study performed in male and female rats at oral 
dosages of up to 100 mg/kg/day 
Pregnancy 
Category C. Reproduction studies have been conducted in mice, rats, and rabbits. 
Administration of doses ranging from five to ten times greater (on a mg/kg basis) than the 
daily recommended therapeutic dose has resulted in embryo and fetal lethality. These doses 
in some studies, have been reported to cause skeletal abnormalities. In the perinatal/postna- 
tal studies, there was an increased incidence of stillbirths at doses of 20 times the human 
dose or greater 
There are no well-controlled studies in pregnant women; therefore, use CARDIZEM in preg- 
nant women only if the potential benefit justifies the potential risk to the fetus. 
Nursing Mothers. Diltiazem is excreted in human milk. One report suggests that concen- 
trations in breast milk may approximate serum levels. If use of CARDIZEM is deemed essen- 
tial, an alternative method of infant feeding should be instituted. 
Pediatric Use. Safety and effectiveness in children have not been established 
ADVERSE REACTIONS 
Serious adverse reactions have been rare in studies carried out to date, but it should be rec- 
ognized that patients with impaired ventricular function and cardiac conduction abnormalities 
have usually been excluded from these studies 
The following table presents the most common adverse reactions reported in placebo-con- 
trolled angina and hypertension trials in patients receiving CARDIZEM CD up to 360 mg with 
rates in placebo patients shown for comparison 


CARDIZEM CD Capsule Placebo-Controlled 
Angina and Hypertension Trials Combined 


CARDIZEM CD Placebo 
N=607 N-301 





Adverse Reaction 








Headache 

Dizziness 
Bradycardia 

AV Block First Degrae 


Edema 
ECG Abnormality 
Asthenia 


In clinical trials of CARDIZEM CD Capsules, CARDIZEM Tablets, and CARDIZEM SR 
Capsules involving over 3200 patients, the most common events (ie, greater than 1%) were 
edema (4.6%), headache (4.6%), dizziness (3.5%), asthenia (2.6%), first-degree AV block 
(2.4%), bradycardia (1.7%), flushing (1.4%), nausea (1.4%), and rash (1.2%) 

In addition, the following avents were reported infrequently (less than 1%) in angina or hyperten- 
Sion trials 

Cardiovascular. Angina, arrhythmia, AV block (second- or third-degree). bundle branch 
block, congestive heart failure, ECG abnormalities, hypotension, palpitations, syncope, tachy- 
cardia, ventricular extrasystoles 

Nervous System: Abnormal dreams, amnesia, depression, gait abnormality, hallucina- 
tions, insomnia, nervousness, paresthesia, personality change, somnolence, tinnitus, tremor 
Gastrointestinal: Anorexia, constipation. diarrhea, dry mouth, dysgeusia, dyspepsia, 
mild elevations of SGOT, SGPT, LDH, and alkaline phosphatase (see hepatic warnings), 
thirst, vomiting, weight increase 

Dermatological: Petechiae, photosensitivity, pruritus, urticaria 

Other. Amblyopia, CPK increase, dyspnea, epistaxis, eye irritation, hyperglycemia, hyper- 
uricemia, impotence, muscle cramps, nasal congestion, nocturia, osteoarticular pain, polyuria, 
sexual difficulties 

The following postmarketing events have been reported infrequently in patients receiving 
CARDIZEM: alopecia, erythema multiforme, exfoliative dermatitis, extrapyramidal symptoms, 
gingival hyperplasia, hemolytic anemia, increased bleeding time, leukopenia, purpura, 
retinopathy, and thrombocytopenia. In addition, events such as myocardial infarction have 
been observed which are not readily distinguishable from the natural history of the disease in 
these patients. A number of well-documented cases of generalized rash, characterized as 
ieukocytoclastic vasculitis, have been reported 

However. a definitive cause and effect relationship between these events and CARDIZEM ther- 
apy is yet to be established. 
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References: 1. Data on file, Marion Merrell Dow Inc. 2. Massie BM, Der E, 


Herman TS, Topolski P, Park GD, Stewart WH. Clin Cardiol. 1992:15:365-368. 
3. Cardizem CD prescribing information. 4. Red Book Update. 1992:11(10): 7. 
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There: are differences i in the risk factor profile 

and coronar anatomy of young | patients who 
those of older ones. There is an ¿ ibsence of | 

in published reports regarding the respons 
myocardial infarction in young patients, Sixty- 

















patients aged <35 years (group 1) wees ca 





d with 58 aged >55 years (gr 
sented with acute myocardial i 
treated with intravenous streptokinase. - 

‘Group 1 had a significantly higher incidence of 
smoking (p = 0.0009) and a lower in of 
diabetes mellitus (p = 0.002) than did group 2. 
Fifty-eight patients in group 1 and 40 in group 2 
were studied by angiography at a similar time. (5 
to 6 days) after admission. Patients in group 1 
had a better left ventricular ejection fractior (55 : 
+ 13% vs 49 + 13%; p = 0.03), but similar patem 
_cy rates of the infarct vessel (74 vs 73%) com — 
pared with those of group 2. Group 1 also had a | 















higher incidence of insignificant disease (22.5 vs | 


2.5%; p = 0.008) and a lower incidence of 3-ves- 
sel disease (10 vs 37.5%; p= = 0.004). This sug- 











lar benefits from thrombolytic therapy in the 


form of a patent infarct vessel, there may be dif- 
. toms <6 hours; and (4) age < «n years. 


ferences i the Jomptenm outcome Among tere 
patients. 


(Am J Cardiol 1993,71:157-159) | 


From the Department of Cardiology and Cardiovascular Surgery, Ha- 
mad Medical Corporation, Doha, Qatar, Arabian Gulf. Manuscript 
received December 23, 1991; revised manuscript received and accept- 
ed August 17, 1992. 

Address for reprints: Lalit Chouhan, MD, 11133 Dunn Road, B- 
209, St, Louis, Missouri 63136. 


Acute Myocardial Infarction in Patients - 
Aged «35 and >55 Years 


. METHODS 
A. intravenous streptokinase for acute myocardial infarction P 
and December 1990 who were aged «35 or >55 years ` 


. confir 
gest ictor creatine- kinase and its MB isoenzyme. 
profiles and coronary anatomy of youtig pati nts — 
compared with those of older ones. Despite. simi- — lowing: (1) ty 
 unrelieved by nitroglycerin; (2) ST-segment elevati 

mm in 2 contiguous leads; (3) total duration of symp- 
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Ithough coronary artery disease in young patients -= 

is not as frequent as in elderly ones, there is B 

growing awareness of its existence in the young. 
It has been shown that there are differences in the risk 
factor profile and hospital mortality of young patients - 
with acute myocardial infarction compared with those of 
older ones.! Coronary angiography in young patients 
with coronary artery disease shows a preponderance of 
|-vessel disease, and a significant portion also show no - 
significant coronary artery disease.^ There is an absence 
of data in published reports regarding thrombolytic ther- — 
apy for acute myocardial infarction in the voung. The 
purpose of this study was to examine the clinical and 
angiographic features of young patients (aged «35 years) 
who were treated with intravenous streptokinase for 
acute myocardial infarction and compare them with 
those of older ones (aged >55 years). 


Patient population: All patients treated with — » 


at the Hamad General Hospital between January 1987. . 


were analyzed for this study. All patients had subsequent ` 
rmation of acute myocardial infarction by increased | 





Criteria for streptokinase treatment included the fo 
ypical acute chest pain lasting- >30 minutes, E 
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excluded from the study if they had: á 
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Group 1 Group 2 





No. 62 













































Age (year) 33 t3 60 +5 «0.0001 
Men/women 61/1 54/4 NS 
Serum cholesterol (mg/d) 211 + 50 228 x 46 0.07 
.. | Hypercholesterolemia (76) 40 53 NS 
Diabetes mellitus (757 11 36 0.002 
Systemic hypertension (25) 10 9 NS 
Cigarette smoking (76) 77 47 0.0009 
Family history 15 5 NS 
No. of risk factors 15z10 1.48 + 0.86 NS 
Patients with > 1 risk 89 88 NS 
factor (96) 
Time from pain to SK {min) 193 +176 190+ 103 NS 
Site of infarct (%) 
Anterior 68 60 NS 
Inferior 32 29 NS 
Undetermined Q 11 NS 


|. SK = streptokinase. 


blockers, calctum antagonists and aspirin were used as 
needed. 

Catheterization studies: Left heart catheterization 
with coronary angiography was performed in patients at 
an average of 5,16 + 2.88 days after the onset of symp- 
toms. Baseline ventricular end-diastolic pressure was 
measured in all patients. Left ventricular ejection frac- 
tion was calculated by the area length method on all 
angiograms.) A 250% luminal narrowing of the left 
main, left anterior descending, circumflex or right coro- 
nary artery was considered to represent coronary artery 
disease. Multiple sites of significant disease in the same 
coronary artery or its main branches were considered to 
.. represent 1-vessel involvement. Significant disease of the 
left main artery was considered to represent 2-vessel dis- 
ease. A combination. of information from the electro- 
cardiogram during admission, wall motion abnormalities 
of the left ventriculogram during angiography, and coro- 
nary anatomy was used to determine the infarct-related 
artery. Patency of the infarct-related artery was deter- 
mined using Thrombolysis in Myocardial Infarction 
. (TIMID) grade classification.* A patent infarct artery was 
= defined as having TIMI grade 2 or 3 anterograde flow. 
An artery with TIMI grade 0 or 1 was considered to be 


TABLE ff Angiographic Findings 


Total no, 
No. studied 
Time to study (days) 
Left ventricular end-diastolic pressure (mm Hg) 
Left ventricular ejection fraction (96) 
Patency of infarct-related artery (96) 
Na. of vessels with coronary artery disease 
Extent of coronary artery disease 
0 vessel 
1 vessel 
2 vessels 
3 vessels 
Recommended therapy 
Medical treatment 
Angiopiasty 
. Bypass grafting 


LOFCARDIOLOGY VOLUME 71 











occluded. Two experienced angiographers. indepen dent- . 
ly interpreted the results of the angiograms. 

Statistical analysis: All continuous data are ex- 
pressed as mean + 1 SD. Chi-square and Fisher’s exact 
test were used for discrete proportions, and Student's t 
test for continuous data. A p value <0. 05 was consid- 


ered statisticallv significant. 


RESULTS | 

Of 420 patients treated with streptokinase for acute 
myocardial infarction, 62 were aged «35 years (range 24 
to 35; group 1) and 58 were aged >55 years (range 55 
to 70; group 2). Baseline clinical characteristics of pa- 
tients are listed in Table I. Although the prevalence of 
hypercholesterolemia was comparable. in both groups, 
the level of serum cholesterol in young patients was less 
than in older ones (211 + 50 vs 228 + 46 mg/dl 
p = 0.07). Group 1 had a lower incidence of diabetes 
mellitus (11 vs 36%; p = 0.002) and a higher incidence 
of smoking (77 vs 4796; p = 0.0009) than did group 2. 
Most patients in both groups had 21 cardiac risk factor, - 
and the total number of risk factors in both groups was’ 
comparable. The 3 most frequent cardiac risk factors in 
young patients were smoking, hypercholesterolemia and 
family history of coronary artery disease, whereas in 
older patients these were hypercholesterolemia, smoking 
anc diabetes. The time interval from onset of symptoms 
to therapy with streptokinase was similar in both groups. 
Most patients in both groups had anterior infarctions, 
anc the distribution of the site of infarction was os 
in both groups. | 





ic findings (Table il: Fifty-eight [ pr 
tients in | group 1 and 40 in group 2 were studied by 
angiography at a similar time interval from admission. 
Death before the study (1 in group 1, and 6 in group 2) 
or refusal were the 2 reasons for not studying the 
remaining patients. Both groups had similar left ventric- 
ular end diastolic pressures, but left ventricular ejection 
fraction was greater in younger patients (55 + 13% vs 
49 + 13%; p= 0.03). The patency rates of the infarct 
vessel in both groups were comparable. Patients in 
group | had a higher incidence of insignificant coronary 
artery disease (22.5 vs 2.5%; p = 0.008) and a lower 
incidence of 3-vessel disease (10 vs 37.5%; p= 0.004). 


Group 2 p Value 


18.7C x 10.58 14.99 c6 38 
52 £513 49 + 13 
74 73 
1.21 € 0.91 2.02 + 0.88 


13 (22.5%) 

26 (4596) 

1342276) 
641095) 


1 (2.5%) 
11 (27.5%) 
13 (32.576) 
15 (37.5%) 


32 (5596) 
18 (3196) 
811496) 


24 (60%) 
6 (15%) 
10 (25%) 
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Bas sd o on n coronary anatomy, management in the form of 
medical treatment, coronary angioplasty or coronary 
artery bypass grafting was recommended (Table II) in 
both groups. 


DISCUSSION 
Coronary risk factors in young patients: Several 
studies have shown that smoking,!> high cholester- 
ol2:78 and family history of coronary artery disease!? are 
the most frequent risk factors in young patients with 
coronary artery disease. However, systemic. hypertension 
and diabetes mellitus may not be as prevalent in younger 
age groups as in older ones.!257-!! [t has also been 
Shown that the incidence of prior angina and heart fail- 
ure was found to increase with age.!! The present study 
also confirms some of these observations. It appears that 
-the number of risk factors present has a role in the extent 
of coronary artery disease. 919? Similar to our experi- 
ence, previous studies*? showed that most (up to 90 to 
97%) young patients with acute myocardial infarction 
have 21 cardiac risk factor. With increasing age, patients 
were less frequently treated with thrombolytic therapy 
for acute myocardial infarction, because of a higher inci- 
dence of complicating illness, absence of chest pain on 
admission and nonspecific electrocardiographic abnor- 
malities at presentation. H 
aphic findings: Less extensive coronary ar- 
tery diseise i is a well-known finding in young versus old- 
er patients.! 51013 The preponderance of involvement of 
the left anterior descending artery in young subjects is 
also well known.5-19? There is an absence of data in 
published reports regarding comparison of the coronary 
anatomy in young and old patients after thrombolytic 
"therapy. The present study found equal patency rates in 
all age groups after therapy with streptokinase for acute 
j myocardial infarction. The residual coronary anatomy 
appears to follow the distribution reported in the litera- 
ture (i.e., less extensive 3-vessel disease, and greater pro- 
portion of insignificant and 1-vessel disease in the 
young). The rate of progression of atherosclerotic coro- 
nary disease is faster in young patients than in older 
ones with medical treatment.'*'> Follow-up studies of 
coronary artery bypass graft surgery in young versus old 
patients have shown greater progress of atherosclerosis 
in the saphaenous vein grafts of the young.!6-!$ Young 
patients are also more likely to complain of angina at 
long-term follow-up and to need reoperation.? A similar 


































accelerated progress of the disease in native vessels in 
younger patients has also been shown after i coronary an- 
gioplasty,!? necessitating repeat angioplasty in up to 53% 
of patients. 

Study limitation: Not all patients were assessed in 
this study by angiography, especially in the older group, 
because social factors prevalent in the area make older 
patients reluctant to undergo invasive procedures. 
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THROMBOLYSIS IN ACUTE MYOCARDIAL IN 





The apoli ! oprotein E polymorphism is a genetic 
E determinant of low-density lipoprotein (LDL) cho- 
 lesterol. Its status as a risk factor for coronary 
artery disease (CAD), either through a causal 
relation with LDL cholesterol level or indepen- 
dently, is less clearly established. Data from the 
Multiple Risk Factor Intervention Trial were used 
to examine the influence of apolipoprotein E phe- 
notype on risk of coronary events. Of the 12,866 
randomized participants, 619 were studied in a 
nested case-control design. CAD deaths (93) and 
nonfatal myocardial infarctions (113) were 
matched to 412 controls. The allele frequencies 
of apolipoprotein E in the white subset 
(c2 = 0.06, €3 = 0.79, and «4 = 0.15) were very 
similar to other nonselected white American pop- 
ulations, and the relation of apolipoprotein E on 
total and LDL cholesterol was generally similar to 
that seen in other studies, with the c2 allele 
being associated with lower and the c4 allele 
with higher total and LDL cholesterol. Allele fre- 
quencies were aot the same for patients and 
control subjects. The presence of c4 was as- 
sociated with an increased risk of CAD that was 
most evident for fatal cases. There was no rela- 
tion between changes in LDL cholesterol over 
time during the trial and apolipoprotein E pheno- 
types. 





(Am J Cardiol 1993;71:160-165) 
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he apolipoprotein E polymorphism has been 

shown to be a heritable determinant of total and 

low-density lipoprotein (LDL) cholesterol. It has 
been the object of numerous epidemiologic, genetic, bio- 
chemical and molecular studies. Epidemiologic studies 
have provided clear evidence that apolipoprotein E 
structural variation is a determinant of interindividual 
differences about the population sample means of total 
and LDL cholesterol and apolipoprotein B.'? The ge- 
netically determined isoforms, E2, E3 and E4, are in- 
herited in a co-dominant fashion following translation of 
3 common alleles €2, €3 and €4 at a single genetic locus 
located on chromosome 19.74 The 6 phenotypes, E 2-2, 
3-2, 3-3, 4-3, 4-4 and 4-2, occur with frequencies depen- 
dent on the allele frequencies in each population. There 
are relatively high frequencies for €2 (^ 0.07) and €4 (^. 
0.14) in the American Caucasian population, but the most - 
common allele in all populations studied to date is €3.' 

In vivo and in vitro investigations of the mechanisms 
by which the apolipoprotein E polymorphism leads to 
alterations in lipids and lipoproteins have been carried 
out>-!© Apolipoprotein E modulates the catabolism of 
triglyceride depleted remnants of chylomicrons and very 
low density lipoproteins by acting as a ligand for the LDL 
receptor (B/E receptor) and for the chylomicron remnant 
receptor. It is also found in high-density lipoprotein (HDL) 
cholesterol, Decreased LDL cholesterol in carriers of E2 
is due to both decreased rates of production and increased 
rates of catabolism, whereas the opposite is true for E4 
carriers.!0-'! A question of current interest is whether - 
apolipoprotein E phenotype is protective (E2 carriers) or 
increases risk (E4 carriers} for atherosclerosis and coro- 
nary artery disease (CAD) based on its respective impact 
or. LDL cholesterol concentrations. ?-!* 

In the study of the Pathobiological Determinants of 
Atherosclerosis in Youth, investigators in 8 communities 
evaluated 720 young men who had died from external 
causes.!? The extent of atherosclerosis in the thoracic and _ 
abdominal aorta was greatest in those who were E 4-3 and - 
least in those who were E 3-2. Adjusting for serum choles- . 
terol did not change these associations. The present study 
is aimed at determining if, and to what extent apolipopro- 
tein E phenotype, is related to CAD death and myocardial 
infarctions in the Multiple Risk Factor Intervention Trial. - 
The study is unique because of its prospective nature. . 
Lipid and lipoprotein levels, as well as other risk factor 
levels, were recorded from a baseline screening of men at | 
risk for CAD before developing CAD events.20?! 
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TABLE I Mean Total Cholesterol, Lipids and Other Coronary Artery Disease Risk Factors at 
Baseline by Apolipoprotein E Phenotype 


Apolipoprotein E Phenotype 


3-2 3-3 
(n = 386) 


(n = 59) 


Total plasma choles- 
terol (mg/dl) 

Low-density lipopro- 
tein cholesterol 
(mg/dl) 

High-density lipopro- 
tein cholesterol 
(mg/dl) 

Trigiycerides (mg/dl) 

Age (year) 

Body mass index 
(kg/m?) 

Systolic blood pres- 
sure (mm Hg) 

Diastolic blood pres- 
sure (mm Hg) 

Albumin (g %) 

% smokers 

Drinks/ week 


Means for lipids and esee were adjusted for age, cigarettes, diastolic blood pressure and body mass index. 


df « degrees of freedom. 


METHODS 

Study population: Subjects were male randomized 
participants to the Multiple Risk Factor Intervention Trial, 
a national multicenter primary prevention trial aimed at 
intervening on CAD risk factors in middle-aged men (35 
to 57 years). In the original study, 12,866 high-risk men, 
selected on the basis of their levels of diastolic blood pres- 
sure, serum cholesterol and number of cigarettes smoked,”° 
were randomized at 22 clinical centers from December 
1973 to February 1976 to special intervention [n = 6,428] 
-or usual care [n = 6,438]. Clinical follow-up of the partic- 
ipants ended on February 28, 1982. Since that time, mor- 
tality surveillance of the Multiple Risk Factor Intervention 
"Trial participants has continued through December 31, 
1985. Mortality results through 10.5 years of follow-up 
have been reported.?! Vital status was determined using 
the National Death Index after February 1982. Mortality 
ascertainment Hout December 31, 1985 is estimated to 
be 100% complete." 

The present investigation is a case-control study nest- 
ed within the randomized study. There were 93 CAD 
deaths and 114 patients with nonfatal myocardial infarc- 
tion. Cases of CAD are matched to 412 control subjects 
by clinical centers, treatment group (special intervention vs 
usual care), date of randomization within + 30 days, and 
age within + 5 years. Control subjects had not experienced 
a CAD event before the time of the event experienced by 
the patient. Each patient was matched to 2 control subjects 
forming a triad. There were 4 triads (1 CAD death and 3 
myocardial infarctions) with only 1 control and 1 myocar- 
dial infarction triad in which both control subjects did not 
have an apolipoprotein E phenotype because serum was 
not available. Finally, there were 4 control subjects with 
apolipoprotein E phenotypes but no matched patient. 

Serum samples from these 619 study subjects have 
. been frozen since 1975. All deaths occurred after the con- 
- clusion of the main study, between 1982 and 1986. Serum 





second screening, blood samples were obtained after a 12- 


ry at the Institute of Medical Sciences in San Francisco 





4-3 4-4 
(n = 146) (n = 16) 


p Value 
(3 df) 





































samples from men who experienced a CAD death during 
the course of the trial were not available because they had 
been used for other studies.” CAD deaths were based on 
information from death certificates, defined as Interna- 
tional Classification of Disease codes 410 to 414 and 
429.2, based on the Ninth Revision of the International 
Classification of Disease. Nonfatal myocardial infarctions 
were ascertained through February 28, 1982 using previ- 
ously described methods.?? 

Laboratory assays: After the initial screening at 
which CAD risk eligibility was determined, participants 
had 2 further examinations before randomization. At the 


hour fast. A plasma sample was used for measurement of 
total cholesterol, HDL cholesterol and triglycerides. These 
laboratory measurements were done in a central laborato- 


which was carefully monitored by the Centers for Disease ~ 
Control Lipid Standardization Program. Details of the lab- 
oratory methods have been published.” 5 

A serum sample from the second screening was frozen : 
for each participant. The sample was used for apoli- : 
poprotein E screening in 1990, according to the protocol. 
described by Eichner et al (1990) using isoelectric fo-: 
cusing and immunoblotting of delipidated serum samples 
The samples that had been frozen at -60 to —70?C fo 
to 15 years gave very clear phenotypes. The phenotype: 
were read from the immunoblots, recorded, read again ti 
check the initial typings and read a third time before dat 
were entered in the computer. Phenotypes that were equiv- 
ocal were repeated. The author (JE) reread 98 of the 
immunoblots blindly, and there was complete agreement 
with the previous readings. Because many of the Multipl 
Risk Factor Intervention Trial participants had elevate 
lipid levels, and probably elevated apolipoprotein E levels 
the phenotypes were especially distinct. The phenotyp 
used are assumed to reflect genotypes, but no deoxyribon 
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CAD Death (n = 114) 


——— 


cleic acid samples were available to confirm this. Gene 
frequencies were calculated based on scoring of apolipo- 
protein E gene products. 

Statistical analyses: Analysis of covariance was 
used to assess the relation between phenotype and lipid 
and lipoprotein levels controlling for age, body mass in- 
-dex, diastolic blood: pressure and cigarettes smoked per 
day." Analysis of variance and chi-square tests were used 
-to compare apolipoprotein E phenotype and other risk fac- 
.tors at baseline." Matched logistic regression was used to 
-assess the relation of phenotype and CAD status.*’ Rela- 
.tive risks were calculated relative to phenotype 3-3. The 
ikelihood ratio statistic with 3 degrees of freedom was 
ed to assess differences in risk among the phenotype 
groups. For this analysis only phenotypes 3-2, 3-3, 4-3 and 
1-4. were used. Two-way analysis of variance with inter- 
action was used to assess whether the effect of various risk 
actors in CAD differed by apolipoprotein E phenotype. 











ble ] shows the relation between phenotype and 
variables at baseline including lipids and lipopro- 

: ignificant. difference in LDL cholesterol was 
tween: ON Ki o with the E 3-2 








TABLE ll ‘Distribution of Apolipoprotein E Phenotypes in Patients with Coronary Artery -— 
: Disease (CAD) (CAD deaths and nonfatal myocardial infarctions) and i in Control Subjects 


3 Nonfatal Myo- Control 
| CAD Deaths cardial Infarctions All Patients Subjects 
No. Yo No. % No. 7b No. 76 
2-2 H Ll 0 0 l 0.5 2 0.5 
2-variant 1 11 0 0 1 0.5 0 Q 
i 32 8 8.6 16 14 24 11.6 35 8.5 
3-3 43 46.2 67 58.8 110 53.1 276 67 
| 42 4 4.3 0 0 4 1.9 4 1 
| 4-3 31 33.3 30 26.3 6l 29.5 85 20.6 
| 44 5 5.4 1 0.9 6 2.9 10 2.4 
| Total 93 100 114 100 207 100 412 100 


| TABLE Hi Summary of Matched Logistic Regression Results for Apolipoprotein E 


Norfatal MI (n = 87) All Triads (n = 201) 





Apoliprotein E 

Phenotype RR 95% CI RF 95% CI RR 95% CI 
| Univariate Results 
| 33 1.0 ge 1.0 = 1.0 " 
| 3-2 i 0.6-4.3 IJ 0.8—-3.4 1.7 0.97—3.00 
; 4-3 2.0 1.1-3.6 1.5 0.9-2.6 1.7 1.13-2.50 
J 4-4 11.8 1.3-106.5 0.37 0.0-2.3 1.5 0.51-4.27 
E Chi-square (3 df) 11.2 5.8 8.6 
| pvalue (3 df) 0.01 0.12 0.04 
| Multivariate Resultst 
B 33 1.0 - 1.0 = 1.0 m 
id 3-2 1.7 0.6—4.8 1.8 0.9-3.9 1.7 1.0-3.2 
|o 4-3 2.3 1.2-4.3 1.5 0.8—2.7 1.8 .2—-2.7 
i 4-4 8.7 0,9—87.3 0.37 0.0-2,6 1.4 0.4—4.3 
; Chi-square (3 df) 11.4 5.4 9.1 
| p value (3 df) 0.01 0.14 0.03 


*There was only 1 nonfatal myocardial infarction among apolipoprosein E 4-4 patients. 
tÁdjusted for age, cigarettes/day, diastolic blood pressure, body mass index and low-density lipoprotein cholesterol. 
CAD = coronary artery disease: Cl = confidence interval; df = degrees of freedom; RR = 


relative risk. 


lesterol then the other phenotype groups. No significant 
differences were found for the other lipids, although the E 
3-2 group had lower total cholesterol and higher tri- 
glycerides then the 3-3 and 4-3 phenotype groups. Other 
differences between groups at baseline were found only 
for body mass index. 

Table II gives the distribution of apolipoprotein E phe- : 
notypes in patients (separated into CAD deaths and non- — 
fatal myocardial infarctions) and control subjects. Patients 
had a higher percentage of apolipoprotein E phenotype 4- 
3 and a smaller percentage of E 3-3 than control subjects 
(chi-square based on 4 phenotype classes = 10.3, 3 degrees _ 
of freedom, p = 0.02). The difference between patients and . 
control subjects was greater in the CAD death group. vs 

Table HI lists the results of the matched logistic re- - 
gresaon analyses relating apolipoprotein E phenotypes. to 
CAD status. There were significant differences in CAD 
risk among the phenotypes univariately | (p = 0.04) and 
after adjusting for age, cigarettes per day, diastolic blood 
pressure, body mass index and LDL cholesterol (p = 0.03) 
with the phenotype groups 3-2, 4-3 and 4-4 having simi- 
lar increased risks (1.5 to 1.7) compared with phenotype 
group 3-3. The increased risk for the 3-2 group compared 
with the 3-3 group was similar for CAD deaths and non- 
fatal myocardial infarctions, with higher risks in the CAD 












Apolipoprotein 


E 3-2 E 3-3 








CAD = coronary artery disease; df = degrees of freedom. 


Control Subjects by Apolipoprotein E Phenotype 


22,376 











Control 


Pts. Subjects p Value Pts. 











No. of participants 


Total cholesterol (mg/dl) 235 231 0.73 247 
- Triglycerides (mg/d!) 244 237 0.87 230 
LDL cholesterol (mg/dl) 143 138 0.60 164 
HDL cholesterol (mg/dl) 40 42 0.40 40 
Systolic blood pressure 137 133 0.35 138 
(mm Hg) 
Diastolic blood pressure 92 92 0.92 92 
(mm Hg) 
Cigarettes/day 28 21 0.14 27 
Age (year) 48 46 0.30 47 


“Interaction is between the apolipoprotein E phenotype and the patient-control status, 


death group for the 4-3 and 4-4 phenotype groups. There 
were 16 Afro-American patients: 11 CAD deaths and 5 
nonfatal myocardial infarctions. The overall results were 
similar whether or not the Afro-Americans were included. 
The apolipoprotein E gene frequencies for Afro-American 
patients were €2 (0.06), €3 (0.69) and €4 (0.25). The 38 
Afro-American control subjects had the following gene 
frequencies: €2 (0.08), €3 (0.72) and €4 (020). 

To further evaluate the results, gene frequencies in the 
Multiple Risk Factor Intervention Trial (CAD deaths, 
myocardial infarctions and controls) for white men only 
were compared with similar data reported for the Fram- 
-ingham Study population.” The frequency of e4 was 0.14 
among the Framingham men versus roughly 0.13 for both 
the Multiple Risk Factor Intervention Trial controls and 
patients with myocardial infarction, compared with 0.24 
for the Multiple Risk Factor Intervention. Trial CAD 
deaths. This comparison provides external validity that 
there may indeed be an increased risk associated with e4. 

Analysis of variance was used to determine whether 
there was any relation between apolipoprotein E pheno- 
types and changes in LDL cholesterol in the Multiple Risk 
Factor Intervention Trial. There were no significant dif- 
ferences in changes in LDL cholesterol over time by 
apolipoprotein E phenotype (Table IV). Those with non- 
fatal myocardial infarction had the largest change over the 
6-year period, probably due to changes in diet or from the 
use of lipid-lowering drugs after myocardial infarction. 


TABLE IV Mean Change i in Low- Density Lipoprotein Cholesterol (+SE) at Six Years for Four: 
Apolipoprotein E Phenotypes in Patients (coronary artery disease deaths and nonfatal 
myocardial infarctions) Compared with Control Subjects 


Apolipoprotein 


CAD deaths ~11.0 (.84) —5.4 (4.9) -7.6 (5.4)  —14.8 (13.0) 
(n = 8) (n = 37) (n = 27) (n = 4) 
Nonfatal myocardial — —15.2 (98) —-14.8 (3.2) -22.2 (5.1) — 0.69 
infarctions (n = 12) (n = 62) (n = 25) 
Control subjects -6.7 (5.7) -7.5 (1.8) -9.6 (3.4) 14.9 (7.8) 0.11 
(n = 30) (n = 247) (n = 76) (n = 9) 
p value (2 df) 0.72 0.14 0.11 0.06 


TABLE V Comparison of Risk Factors for Patients with Coronary Artery Disease (CAD) (myocardial infarction and CAD death) and in 


Apolipoprotein E Phenotype 


Control 
Subjects 


















Apolipoprotein 
E 4-3 


Apolipoprotein 
E 4-4 


p Value 
(3 df) 





















3-3 4-3, 4-4 








Control 
Subjects 


p Value 
Interaction* 







p Value Cases 





p Value 
















238 0.03 249 243 0,33 
183 0.01 186 214 0.18 
162 0.64 172 161 0.06 
42 0.09 39 40 0.80 
134 0.01 134 135 0.74 
90 0.04 90 90 0.81 
21 0.01 27 19 0.02 
47 0.99 47 47 0.67 



































To determine whether the relation of risk factors with 
CAD varied by apolipoprotein E phenotype, further anal- 
yses were conducted. Differences in the levels of risk fac- 
tors between cases of CAD and controls within apo- 
lipoprotein E phenotypes are presented in Table V. The 3 
E 2-2s were combined with the E 3-2s and the 16 E 4-4s 
with the E 4-3s. The myocardial infarctions and CAD — 
deaths were also combined as cases of CAD because of. 
relatively small numbers. Consistent with the overall Mul- - 
tiple Risk Factor Intervention Trial study results, cigarette 
smoking was greater among patients than control subjects - 
in all 3 groupings. Total cholesterol also tended to be high- - 
er among patients than among control subjects. There was - 
no evidence of interaction with major risk factors and 
apolipoprotein E phenotype with the exception of plasma 
triglycerides (p-0.05 for interaction). This interaction 
arises because, among E 3-3 participants, patients hi 
higher triglyceride levels than control subjects (230 vs. 183 
mg/dl, p = 0.01) whereas among E 4-3, 4-4 participants, 
patients had lower triglycerides than control subjects (18€ 
vs 214 mg/dl, p 2 0.18). Among E 2-2, 3-2 participants, 
triglycerides were similar for patients and control subjects 
(244 vs 237 mg/dl, p = 0.87). 


DISCUSSION 

Results from the present study demonstrate. thai 
a risk factor for CAD after accounting for base 
cholesterol and other possible pee hoes | variab 
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| as is body Ss Index, HDL cholesterol, cigarette use and 


diastolic blood pressure. Because the results remained sig- 
nificant after adjustment for LDL cholesterol, the differ- 
ences are not simply attributable to differences in lipid 
levels between phenotypes. The apolipoprotein E poly- 
morphism may have an effect on CAD risk distinct from 
its effect on baseline lipoprotein levels for the following 
possible reasons: (1) Subjects with E4 may have had a 
higher LDL cholesterol for a longer period of time than E 
3-3 subjects with similar LDL cholesterol at entry to the 
study. If the increase in LDL cholesterol with age occurred 
earlier with E4, then the extent of atherosclerosis, as a 
measure of level and duration, may have been greater. 
Recent studies from Finland and Italy noted higher LDL 
cholesterol among children who were carriers of E4 than 
E2 or E399 This finding would be consistent with the 
results from the Pathobiological Determinants of Athero- 
sclerosis in Youth research group. (2) There may be a dif- 
ference in the metabolism of lipoproteins in relation to 
apolipoprotein E phenotype that affects atherosclerosis, or 
possibly thrombosis, independent of LDL cholesterol lev- 
els. (3) Differences in clearance of chylomicrons and rem- 
nant particles after a meal are different by apolipoprotein 
E phenotype and may be related to risk of disease?! 
Patients and control subjects with the E 4-3 and 4-4 
phenotypes had higher levels of LDL cholesterol than E 
2-2 and 3-2 (Table V). Higher LDL cholesterol levels in 
E4 carriers means that patients with the same LDL choles- 
terol level but with different apolipoprotein E phenotypes 
will be in a different percentile distribution of the LDL 
cholesterol curve than others of the same phenotype. 
Therefore, using any general cutoff point for LDL choles- 
terol, such as 130 or 160 mg/dl, will result in a different 
percentage of subgects being selected as being hyperlipi- 
demic based on their apolipoprotein E phenotype. We do 
not know whether a person who is an E 3-2 with an LDL 
cholesterol of 160 mg/dl may be at a different risk than 
one who is an E 4-3 or 3-3 with an LDL cholesterol of 
the same level. Clearly the E 3-2 person with a 160 mg/dl 


LDL cholesterol will be at the tail of the distribution of 


LDL cholesterol of all individuals with the E 3-2 pheno- 
type, whereas the person with an E 4-3 or 3-3 phenotype 
with a similar cholesterol level will be more toward the 
average or mean LDL cholesterol for those with that phe- 
notype. It is not known whether the absolute level of LDL 
cholesterol or the percentile distribution of LDL choles- 
terol for an individual is a more important determinant of 
risk of CAD. 
Several previous studies have suggested that there may 
: be an interaction between apolipoprotein E phenotype and 
response to various interventions for lowering LDL 
_cholesterol.**-* The Multiple Risk Factor Intervention 
. Trial did not demonstrate any substantial differences 
- between apolipoprotein E groups in changes in LDL 


i cholesterol over time. The overall changes in LDL choles- 
-terol in the Multiple Risk Factor Intervention Trial were 


— relatively small. The laboratory measurements were very 
carefully monitored to reduce the likelihood of laboratory 
drift over time. Furthermore, laboratory tests were per- 
formed in the same manner for participants with different 
apolipoprotein E phenotypes and special and usual care. 
SRDOFMIOC variability is unlikely to account for the 





absence of an intervention effect by apolipoprotein E phe- 








notypes. These findings from the Multiple Risk Factor 

Intervention Trial certainly do not rule out the possibility 
that apolipoprotein E phenotypes may play a role in LDL 
response to either diet or specific drug therapy, or an inter- 
relation between apolipoprotein E phenotype, postprandial 
response to diet, or variations in triglyceride metabolism. 
It might be particularly interesting to evaluate the effects 
of weight loss and variations in specific types of lipid-low- 
ermg diets on changes i in triglycerides, HDL cholesterol, 
and LDL cholesterol in relation to apolipoprotein E phe- 


notype. 

The different association between triglyceride levels 
and risk of CAD according to E 3-3 phenotype has not 
been previously reported. This may be chance observation. 
It would be worthwhile to try and replicate these obser- 
vations in other studies. 
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The relation between radioisotopic and echocar- 
diographic markers of myocardial viability and 
postrevascularization recovery of function is still 
to be defined. Te this purpose, 14 patients (11 
men, 3 women, aged 35 to 64 years, mean 54 + 
7) with ventricular dysfunction were studied by a 
multiparametric approach. Each patient under- 
went, on separate days, rest thallium-201 and 
technetium-99m sestamibi scintigraphy, dobuta- 
mine echocardiography and coronary angiogra- 
phy. Coronary angiography was analyzed by a 
quantitative approach. Thallium uptake at rest 
was quantified from planar early (10-minute) and 
delayed (16-hour) thallium-201 images and ex- 
pressed as a percentage of maximal activity in 
each projection using a 13-segment model. 
Sestamibi uptake was expressed in the same 
way. Dobutamine (up to 10 u.g/kg/min) echocar- 
diography was analyzed using a score index rang- 
ing from 1 (normokinesia) to 4 (dyskinesia) and a 
similar segmental model. Before revasculariza- 
tion 50 segments were grouped as normal (coro- 
nary stenosis <50% and normal function, group 
1); of the remaining 132 segments with >50% 
coronary stenosis, 57 had normal wall motion 
(group 2) and 75 showed regional dyssynergies 
(group 3). Early and delayed thallium-201 regional 
percent activities did not differ in group 1 and in 
group 2 but were significantly less in group 3 
segments. Sestamibi percent activity was more 
in group 1 and significantly reduced both in 
. group 2 and 3 segments. Segments with 
improved wall motion after dobutamine had more 
early, delayed thallium-201 and sestamibi percent 
. activities than unresponsive segments. 
: _ Postrevascularization echocardiography was per- 
. formed in all patients. Delayed thallium-201 
un scans and dobutamine echocardiography showed 
- good sensitivity and specificity in detecting 
-viable myocardium. It is concluded that: (1) rest- 
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iability 


injected, delayed thallium-201 scan provides a 
good preoperative characterization of viable 
myocardium; (2) sestamibi does not differentiate 
dyssynergic from normal segments in territories 
supplied by stenotic coronary arteries; and (3) 
dobutamine echocardiography is similar to 
deiayed thallium-201 scintigraphy in predicting 
myocardial viability. 

(Am J Cardiol 1993;71:166-172) 


redistribution after a stress study indicates the 

presence of necrotic myocardium has been chal- 
lenged by recent descriptions of delayed imaging or 
reiajection techniques.'^ These new protocols have 
shown that apparent 4-hour ''persistent defects" fre- 
quently overestimate myocardial scarring and that these 
defects may be reversed either by tracer reinjection or 
by delaying the control scan up to 72 hours. This ‘‘rein- 
jection or “‘late’’ reversibility was shown to be a reli- 
able marker of myocardial viability when compared with 
perfusion/metabolic imaging using positron emission 
tomography? or recovery of function after coronary 
revascularization.? In these studies, in the case of severe 
coronary stenosis, thallium-201 delivery may be reduced 
due to the absence of poststress hyperemia, to the pres- 
ence of severe hypoperfusion at rest, to the occurrence 
of iong-lasting metabolic abnormalities, and to the low- 
er plasma tracer concentration.^? Accordingly the in- 
duction of myocardial ischemia appears to be a limiting 
factor when the main question is sizing myocardial in- 
farction or viable areas, or both. A more rational ap- 
proach could be based on rest injected thallium imaging 
alone. Recently the physical properties of technetium 
(Tc)-99m sestamibi (sestamibi) have expanded the di- 
agnostic yield of this Tc-99m-based compound from the 
assessment of transient ischemia to the estimation of sal- 
vaged myocardium after thrombolytic therapy.’ How- 
ever, whether rest sestamibi uptake reflects viability 
bevond blood flow distribution is still to be defined. Pub- 
lished data suggest that sestamibi activity may be 
depressed in segments with normal wall motion and that 
regions with markedly reduced uptake at rest may con- 
taia viable myocardium.*? Finally, echocardiography 
during dobutamine infusion has been shown to accu- 
rately unmask viable myocardium detected by positron 
emission tomography and confirmed by long-term func- 


T he clinical concept that absence of thallium-201 
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TABLE 1 individual Data in 14 Patients with Previous Myocardial Infarction 


Percent Diameter 


Case Age (yr) Site of Interval AMI 
No, & Sex MI (wks) LAD 
I 53M Anterior 36 74 
2 59M Inferior 49 75 
3 53M Inferior 14 55 
4 57M Anterior 98 100 
5 64M inferior 32 g 
6 55F Anterior 21 79 
7 61M Anterior 19 87 
8 SIF inferior 26 100 
9 49M Anterior 18 g 
10 55M Anterior 70 100 
Hl 59M Inferior 25 8i 
12 63F Anterior 9 100 
i3 51M Anterior 24 96 
14 35M interior 52 n 


CABG = coronary artery bypass surgery; F-U = follow-up interval; LAD = 


circumflex artery; LVEF = left ventricular ejection fraction; Mi = 


coronary angioplasty; "me Revasc. = type of coronary revascularization; @ = coronary stenosis « 50%. 





tional recovery.!:!! The head-to-head comparison be- 
tween conventional radioisotopic methods and dobuta- 
mine echocardiography in characterizing reversible 
asynergic segments as well as the direct analysis of thal- 
lium-201 and sestamibi uptakes in the same study popu- 
lation have not been reported. The present study com- 
pares rest thallium-201 and sestamibi uptakes and do- 
butamine echocardiography in different categories of 
segments before coronary revascularization to assess 
their predictive accuracy in estimating postrevasculari- 
zation functional recovery, the most accurate index of 
potential viability. 


METHODS 

‘Study group: The study group consisted of 14 pa- 
tients (I1 men and 3 women, aged 35 to 64 years [mean 
54]) with regional wall motion abnormalities at rest due 
to previous myocardial infarction, who were referred to 
the nuclear cardiology laboratory for the assessment of 
myocardial viability. Patients with recent myocardial in- 
-farction or unstable angina were not studied. All patients 
were studied by sestamibi scintigraphy within 1 week of 
the thallium-201 scan. Previous myocardial infarction 
had occurred in all patients 26 weeks before the first 
scintigraphic study and was documented in all by ele- 
vated serum creatine kinase isoenzymes and elec- 
 trocardiographic changes. The site of myocardial infarc- 
tion was anterior in 8 patients and inferior in 6 (Table 
I). Medical therapy was discontinued 224 hours before 
all scans; no patient was receiving B blockers at the time 
of the radioisotopic, echocardiographic or ventriculo- 
graphic study. All patients gave their informed consent 
as part of a protocol approved by the Ethical Commit- 
tee on Human Studies of the Hospital of Pisa on De- 
cember 10, 1990. 

To compare the different categories of segments be- 
fore and independently of the follow-up study all seg- 
ments were grouped according to coronary anatomy and 
regional function into 3 subsets: group 1, normal func- 
tion and absence of significant coronary stenosis; group 
2, segments with normal function but significant coro- 
nary stenosis; and group 3, dyssynergic segments in vas- 


RADIOISOTOPIC AND ECHOCARDIOGRAPHIC DETECTION OF VIABLE N 


LVEF Type F-U 

LC Right (96) Revasc. | (wks) 
87 e 46 CABG 10 
100 100 30 CABG 8 
69 100 50 CABG 15 
91 ø 41 CABG 14 
100 80 47 CABG 13 
100 70 30 CABG 8 
g 91 36 CABG 12 
90 72 35 CABG 15 
86 100 38 CABG 11 
92 85 32 PTCA 12 
9 100 48 PTCA 13 
20 79 4] PTCA 10 
g 73 28 PTCA 11 
g 95 44 PTCA 1i 


left anterior descending coronary artery; LC = left 
myocardial infarction; PTCA = percutaneous transluminal 






























cular stenotic territories. As an additional inclusion cri- 
terion, all patients underwent a successful revascular- 
ization procedure, consisting of coronary bypass graft- 
ing in 9 patients and coronary angioplasty in the re- 
maining 5 patients. 
Sestamibi imaging protocol: Each patient was ad- 
ministered 15 mCi (555 MBq) of sestamibi (Du Pont de 
Nemours, Germany; dose range 10 to 22 mCi). Imaging 
commenced at 60 to 90 minutes after tracer injection in 
the anterior projection, followed sequentially by 45° and 
70° left anterior oblique projections. All sestamibi images 
were recorded in preset count, typically with a collec- 
tion of 21 million counts on a small field-of-view mobile 
camera (Apex 415M, Elscint, Israel). A high-resolution, 
parallel-hole collimator and a 20% window centered on 
the 140 keV gamma ray peak of Tc-99m were used. 
Thallium-201 imaging pr l: Patients were in- 
jected at rest with a mean of 2 mCi (74 MBq) of thalli- 
um-201; at 10 minutes after injection, imaging com- 
menced in the same sequence described for sestamibi to 
obtain the early distribution of the tracer. The same se- ` 
quence was repeated 16 hours (range 14 to 17) after the 
initial injection. All images were recorded in preset 
count collecting an average of 300,000 counts on the 
same camera used for sestamibi images, but having a 
20% window centered on the 80 keV x-ray peak of thal- 
lium-201. "E 
The total body exposure per patient Reagent 19 2 
MGy (0. 19 rad) for the entire protocol, A 
analysis: Rest left ventricular sesta 
mibi and thallium-201 uptakes were assessed both qual. 
itatively and quantitatively. Qualitative assessment of 
tracer uptake was performed by 2 investigators who 
were unaware of the results of coronary angiography 
and echocardiography. All myocardial segments were ` 
scored on a 4-point scale, from 1 = normal uptake to 
4 = severely reduced or absent activity. In case of dis 
agreement, decision was reached by consensus. The di 
tribution of sestamibi and thallium-201 was analyzed 
each of the standard 13 segments generally used for pl 
nar perfusion studies. Each segment was then assigned 
to 1 of the 3 coronary vascular te territories as | previo 








described.!2 Assignment of the apex to a specific coro- 
nary territory was variable and based on the coronary 
angiogram as well as on the presence of adjacent de- 
fects. A total of 182 territories was identified and ana- 
lyzed in the 14 patients with ventricular dysfunction. 
Quantitative assessment of sestamibi and thallium-201 
images was performed in the same segments. Briefly, 
sestamibi images were quantitated by performing modi- 
fied interpolative background adjusted to handle studies 
of planar Tc-99m agents.!? Quantitation of thallium-201 
studies was undertaken by first performing background 
subtraction as described by Goris et al.'^ Left ventricu- 
lar wall activity was subdivided into the same 13 seg- 
ments of equal length used for qualitative analysis. The 
count activities within. the myocardial sectors were 
expressed as a percentage of the peak activity in each 
view. Examples of defects by qualitative and quanti- 
tative analysis are shown in Figure 1. 

Dobutamine echocardiography: Commercially 
available wide-angle phased-array imaging systems 
(Hewlett-Packard 77020 or Toshiba Sonolayer FFA270A, 
2.5 and 3.5 MHz transducers) were used. The left ven- 
tricle was divided into 13 segments: apex; proximal and 
distal septal, anterior, anterolateral, posterolateral, poste- 
rior and inferior wall. This segmentation was adapted 
following the 20-segment model proposed by the Amer- 
ican Society of Echocardiography? with the apex con- 
sidered as a single segment and only 2 septal segments 
taken into accourt in order to match the nuclear seg- 
mentation. According to the recommendations of the 
American Society of Echocardiography, segmental wall 
motion was graded as: normal (score = 1), hypokinetic 
(score = 2), akinetic (score = 3), or dyskinetic (score = 4). 
The initial dobutamine infusion rate was 5 p.g/kg/min 


B 


Sov diee dede do 


FIGURE i Asiyis af tio rectal Hacer activities Was Bal: 
formed for thallium-201 and sestamibi by dividing 3 images 
(left anterior oblique [LAO] 40, anterior [ANT] and LAO 70) 
into 13 segments (SZG): proximal and distal septal, anterior, 
anterolateral, posterolateral, inferior, posterior and the 
apex. A normal activity is evident in all segments except 7, 
8, 9, 12 and 13. The quantitative analysis (MAX) displayed 
for each segment shows a close correlation with qualitative 
data (SCORE). 
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followed by 10 g/kg/min, with each dose lasting for 5 
minutes, under electrocardiographic and echocardio- 
graphic monitoring. The recordings on videotape were 
analyzed off-line by 2 experienced independent ob- 
servers unaware of the clinical, angiographic and scinti- 
graphic data. All segments were scored basally and as 
a responder to dobutamine, or improved at the follow- 
up study when their segmental score decreased by a fac- 
tor of 1 or more compared with the respective baseline 
vaiue. Of the total 182 segments scored in all conditions, 
a unanimous decision was reached in 167 (92%), where- 
as in the remaining segments a split decision was 
resolved by consensus. 

Coronary angiography and contrast ventriculog- 
raphy: All patients underwent coronary angiography in 
multiple projections, and left ventriculograms were ob- 
tained in biplane views within 2 weeks from radioisoto- 
pic and echocardiographic studies. All angiograms were 
reviewed by an independent expert who had no knowl- 
edge of the scintigraphic and echocardiographic results. 
Digital. computer-assisted calipers (Kontron, Germany) 
were used fo measure stenotic arterial segments that 
were quantified as minimal cross-sectional area. Steno- 
ses of >50% reduction in the normal cross-sectional area 
were considered significant. Collateral circulation. was 
graded visually on a binary scale depending on the 
degree of opacification of the occluded vessel: 0 = no 
opacification or filling of side branches without opacifi- 
cation of the epicardial vessel, and | = partial or com- 
plete filling of the occluded vessel via collateral vessels. 
Oniy vessels with a score of 1 were considered to be 
supplied by a well-developed collateral circulation. 

Follow-up study: During revascularization proce- 
dures an attempt was made to revascularize all major 
branch vessels with 250% stenosis independently of the 
demonstration of regional myocardial viability. Baseline 
echocardiography was obtained in all patients at an av- 
erage of Il + 2 weeks after coronary angioplasty or 
surgery; no patient had clinical evidence of periopera- 
tive or postangioplasty myocardial infarction or resteno- 
sis, nor was any patient receiving B blockers or inotrop- 
ic drugs at the time of this echocardiographic evalua- 
tior. A segment was defined viable when regional wall 
motion improved by »1 echocardiographic grade after 
corenary recanalization. 

Statistical analysis: Data are presented as mean + 
SD. Sequential measurements were compared by re- 
peaied-measures analysis of variance and significant dif- 
ferences between any groups were sought by means of 
Newman-Keuls multiple range test. Differences in quan- 
titative mean percent peak activity in different groups 
were analyzed by means of unpaired 7 test. Each group 
of values was compared with all the others. A p value 
«0.05 was considered significant. Confidence intervals 
for sensitivity and specificity for each technique were 
calculated according to the method described by Dia- 
mond.!6 


RESULTS 

Baseline study: GENERAL FINDINGS IN THE STUDY POP- 
ULATION: Individual patient data are listed in Table I. All 
patients had coronary artery disease; coronary angi- 





TABLE ff Echocardiographic Score Index in the 75 Dyssynergic Segments in Group 3 at 
Baseline, During Dobutamine infusion and at Follow-Up Study 


Dobutamine 


Baseline Normal Hypokinetic 


35 hypokinetic 
40 akinetic 


ography showed 1-, 2- and 3-vessel disease in 1, 8 and 
5 patients, respectively. Average ejection fraction was 39 
t 796. Exercise stress test was positive in 9 patients and 
negative in 5; average rate-pressure products were not 
statistically different between the 2 groups (22,266 t 
6,267 vs 23,480 + 3,514, p = NS). With few exceptions, 
fadioisotopic quantitative analysis correlated well with 
_ qualitative data. Only 3 segments, 2 with a qualitative 
—score of 2 and | with a score of 3, showed a mismatch 
"when compared with the corresponding quantitative 
value for early and delayed thallium-201 scans. For ses- 
tamibi, 5 segments, 3 with a qualitative score of 2 and 
2 with a score of 3, showed a similar mismatch. To 
allow a more accurate comparison with echocardiogra- 
phy and follow-up data and because of a satisfactory 
validation of quantitative analysis for both tracers,^? 
only data from quantitative analysis have been used. 

Results in different segment groups: Fifty seg- 
ments had normal wall motion and coronary stenosis 
<50% (group 1). The remaining 132 segments, perfused 
by stenotic coronary arteries, were subdivided into group 
2 (57 segments with normal wall motion) and group 3 
(75 segments with wall motion abnormalities). Group 1 
— average minimal cross-sectional area of the stenosis 
in the corresponding coronary artery was 26 + 19%. 
Early and delayed thallium-201 activities averaged 78 + 
8 and 77 + 9% of the peak activity (p = NS). Sestamibi 
activity was significantly greater in these segments than 
with early and delayed thallium-201 activity in the same 
segments (81 + 9% of the peak, p «0.05). These values 
are similar to those previously reported both for 
thallium-201 7 and sestamibi studies? in segments with- 
out significant coronary arterial narrowing. Group 2 — 
the average minimal cross-sectional area of the stenosis 
was 85 t 14%. In this group, early and delayed thalli- 
um-201 activities were 75 + 9 and 74 + 10% of the peak 
activity, respectively (p = NS). Sestamibi activity aver- 
aged 63 + 8% of the peak (p «0.05 vs group 1 sestamibi 
activity) and was significantly less than early and 
delayed thallium-201 activities in these segments (p 
«0.05). Group 3 — this group consisted of 75 segments 
with wall motion abnormalities and an average cross- 
sectional area of 93 + 9%. This value was significantly 
greater than that observed in group 2 segments (p 
«0.05). Early and delayed thallium-201 activities av- 
eraged 62 + 14 and 59 + 13% of the peak activity (p 
«0.05 vs group 1 and 2 early and delayed thallium-201 
activities, respectively). Sestamibi activity averaged 60 + 
15% of the peak; this value was statistically less than 
the group | value (p «0.05) but was not different from 
the average sestamibi activity detected in segments of 
group 2. Percent radioisotopic activities in the 3 groups 
. are shown in Figure 2. 
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Dobutamine echocardiography: No segment was 
scored as dyskinetic in any condition; echocardiograph- 


ic signs of ischemia at the infusion rate of 10 pg/kg/min 
were never observed in groups 2 and 3. During the en- 
tire study, population rate-pressure products did not in- 
crease by >20% on the average. Of the 75 segments of 
group 3, 45 showed an improvement in regional wall 
motion after administration of dobutamine and 30 re- 
mained unchanged (Table ID. Average coronary steno- 
ses were not significantly different between segments 
with and without an improvement in regional wall mo- 
tion after dobutamine infusion (91 + 8 vs 95 + 7%, 
p = NS). Early and delayed thallium-201 and sestamibi 
activities in dobutamine-responder segments were great- 
er than those observed in nonresponder segments (68 + 
15, 69 + 8 and 67 + 13% vs 55 + 11, 48 + 8 and 52 + 
13% of the peak for early and delayed thallium-201 and 
sestamibi in the 2 subgroups, respectively; p «0.05 for 
all values). 

Follow-up study: Five patients in our series under- 
went selective percutaneous transluminal coronary angi- 
oplasty and 9 patients coronary bypass surgery (Table 
D. In the surgically treated group, 21 stenotic vessels 
received a graft. In patients undergoing coronary angio- 
plasty, 7 of | 10 vessels were successfully dilated. The re- 
maining 3 vessels were not related to segments in group 
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FIGURE 2. Quantitative analysis of rest sestamibi (MIBI), 
and 10-minute (TH1) and 16-hour (TH2) rest thallium uptake 
in the 182 segments relative to 14 patients. Sestamibi 
shows similar percent uptake to thallium-201 only in seg 


and 3. When compared with the “on/off” signal of a PI 
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tive viable and nonviable segments, respectively. Sensi- - 








‘Sensitivity Cl Specificity CI 
(96) (26) (96) (%) 
Early thallium-201 79 61 to 94 73 45 to 82 
Delayed thallium-201 86 85 to 99 92 59 ta 90 
Sestamibi 75 77 to 97 84 46 to 80 
Dobutamine 82 68 to 91 92 54 to 87 
echocardiography 
Cl = confidence interval. | 
3. Of the 75 dyssynergic segments of group 3, 49, or 


6595, showed an improved wall motion at follow-up 
study. In particular, 30 of the 35 basally hypokinetic 
segments showed normal wall motion at the follow-up 
examination. Of the 40 akinetic segments before coro- 
nary recanalization, 4 were classified as normal and 15 
as hypokinetic at follow-up echocardiography (Table H). 
Average minimal lesion cross-sectional area was 91 + 
10 and 95 + 4% in viable and nonviable segments, 
respectively (p = NS). Twenty-six of the 49 segments 
with improved wail motion showed a complete coronary 





occlusion, with grade 1 collateral circulation in 24. Of 


the 26 segments that did not benefit from coronary re- 
vascularization, 1€ were related to a complete coronary 
occlusion with grade O collateral circulation in all. Rest 
early thallium-20:, delayed thallium-201, sestamibi and 
dobutamine echocardiography correctly identified 79, 
86, 75 and 82% and 73, 92, 84 and 92% of postopera- 
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tions obtained 10 minutes (TH1), 16 hours (TH2) and 
ninutes after rest thallium-201 and sestamibi (MIBI) 
m ns in the same patient on separate days. Thallium- 
201 at 10 and 90 minutes and sestamibi show a severe 

| on at the upper and lower septum and at the 
apex. All distribution profiles (lower right panel) show the 

; ductio af tracer uptake in the same regions. These 














10 ma i segments, ali with a percent activity below lower 
normal limits. | or-each tracer, did not show any improvement 
larization. 














tivity, specificity and the relative confidence intervals are 
summarized in Table III. The average percent activity of 
early and delayed thallium-201 and sestamibi in viable 
and necrotic segments, defined according to postopera- 
tive improvement in wall motion, was 67 + 12, 67 + 9 
and 67 + 13% vs 53 t 12, 46 + 6 and 48 + 10% of the 
peak, respectively (p «0.05 for all values). The number 
of segments that correlated with the presence of electro- 
carciographic Q waves was not different in viable (5496) 
versus nonviable (6095) segments. An example of multi- 
ple defects detected by thallium-201 and sestamibi in the 
same segments is shown in Figure 3. 


DISCUSSION 

in this study, we investigated the significance of rest 
thallium and sestamibi scintigraphy abnormalities, the 
response to dobutamine echocardiography and the de- 
gree of coronary stenosis in patients with abnormal re- 
gional wall motion undergoing coronary revasculariza- 
tion. Our data suggest that rest delayed thallium-201 can 
reliably separate viable from necrotic segments as accu- 
rately as dobutamine echocardiography. On the contrary, 
early thallium-201 and sestamibi showed the highest rate 
of false-positive and false-negative results. 

Restinjected thallium-201 imaging for the 
assessment of myocardial viability: According to the 
evidence provided by the reinjection protocol? and to the 
kinetics of potassium analogs, a rational basis for assess- 
ing myocardial viability could be limited to the rest 
images alone. Our results indicate that delayed thallium- 
201 has a good sensitivity and specificity in the preop- 
erative identification of myocardial viability. Early thal- 
lium-201 images corresponding to the initial distribu- 
tion of the tracer — which is mainly flow-dependent'5 — 
were less accurate and showed the highest rate of false- 
positives (false viability) in the follow-up study. The 7 
false-positive segments by early thallium-201 showed an 
average percent activity of 67 + 4 of the peak, whereas 
all showed a delayed thallium-201 value below 2.5 SD 

f normal segments. This finding can partly be explained 
by the presence of segments with an initial thallium-201 
uptake that *"leaks'' out of necrotic cells, leaving a late 
P defect correctly interpreted as necrosis. 
These kinetics have been partly demonstrated for rubid- 
ium-82,!° but in principle could equally apply to thalli- 
um-201.? None of the patients with rest-rest reverse 
redistribution had had a non-Q-wave myocardial infarc- 
tion, a condition that has been proposed as the mecha- 
nism underlying the ‘‘paradoxical’’ stress-rest thallium- 
201 defect?! Even though an early thallium-201 scan 
offers more imaging advantages, it does not provide the 
same values of sensitivity and specificity provided by 
the delayed scan. In this study we did not perform stress 
fhallium-201 studies, and residual ischemia in these pa- 
tients was ruled out by dipyridamole stress echocardiog- 
raphy. 

Sestamibi as a potential marker of viability: Al- 
though the clinical efficacy of sestamibi as a perfusion 
tracer is similar to that of thallium-201,?? its role in the 
clinical evaluation of myocardial viability is still un- 
clear.*7* In this field, results from clinical studies are 
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generally difficult to interpret because of the inability to 
distinguish between the contribution of flow and that of 
regional viability. Although published reports to date 
have demonstrated excellent agreement between the type 
of perfusion defects observed by sestamibi and by stan- 
dard stress/redistribution thallium-201 scans, it remains 
to be seen whether recent thallium-201 protocols are 
superior to sestamibi images in assessing viability.” 

The present data demonstrate that resting myocardi- 
al perfusion can be moderately reduced while contrac- 
tile function is maintained. This is demonstrated in our 
series by the significant reduction in sestamibi versus 
both early and delayed rest thallium-201 activities in 
group 2 segments with normal wall motion and signifi- 
cant coronary artery stenosis. Whether this phenomenon 
actually reflects a greater sensitivity of sestamibi to mod- 
erate reduction in coronary blood flow at rest (Figure 4) 
needs to be defined in experimental models of graded, 
progressive coronary occlusion. 

In the follow-up study, sestamibi showed the highest 
rate of false-negative (false-necrotic) results. Segments 
with low sestamibi uptake and recovery of function had 
an average sestamibi uptake of 46 + 7% versus a de- 
layed thallium-201 uptake of 60 + 8% of the peak, re- 
spectively (p «0.05). Again, sestamibi tended to under- 
estimate viable myocardium in segments showing defi- 
nite improvement in contractile function after coronary 
revascularization. These data would suggest that sesta- 
mibi is primarily a perfusion agent, less reliable than 
thallium-201 in estimating viability. 

Dobutamine echocardiography: In this study echo- 
cardiography was used in conjunction with dobutamine 
to detect areas with residual viability. This was con- 
firmed by the much greater early and delayed rest thal- 
lium-201 and sestamibi activities detected preoperative- 
ly in segments with a positive inotropic response to do- 
butamine as well as by a sensitivity and specificity in 
the follow-up study similar to those of delayed thallium- 
201 scan. These data are in agreement with experimen- 
tal studies demonstrating a reversal of postischemic ven- 
tricular dysfunction after catecholamine infusion and 
with clinical studies in patients undergoing thromboly- 
sis in the setting of acute myocardial infarction.!026 Our 
data extend previous observations on stunned myocardi- 
um?” to a model, previous myocardial infarction with 
functional recovery after revascularization, in which the 
viable myocardium is more likely to be hibernated rath- 
er than stunned. This information can be obtained by 
means of a cheap, accurate, non-time-consuming and 
widely available technique. Recent acquisitions on the 
inotropic phase of dipyridamole testing? expand the role 
of echocardiography in defining myocardial viability. 

Imaging strategy for detecting viable myocardium: 
Our results, demonstrating that rest-injected, delayed thal- 
lium-201 activity is a good predictor of postoperative 
improvement in regional wall motion, appear to be in 
agreement with the fundamental principles of thallium- 
201 kinetics. Rest protocols are simple and their application 
is rapidly diffusing in the nuclear medicine centers. Our 
data suggest that, similarly to stress scans??? rest stud- 
ies also may take longer than 10 to 15 minutes for thal- 
_lium-201 to reach the equilibrium in the potassium pool 
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of the viable tissue, and that rest-injected thallium-201 
delayed imaging can be considered a simple and relatively 
inexpensive technique to unmask viable myocardium. 

When considering the results obtained with sesta- 
mibi, the main problem is that this tracer can be a mark- 
er of both rest hypoperfusion and viability. The m- 
proved myocardial thickening in the dyssynergic area 
induced by dobutamine as a marker of viability confirms 
the usefulness of this test to unmask viable myocardium 
in patients with wall motion abnormalities at rest. 

Finally, quantitative coronary angiography did not 
prove to be useful in the search of viable myocardium 
because the same average coronary stenosis was found 
in viable and necrotic segments. However, in agreement 
with previous reports, ? an efficient collateral circulation 
was present in 92% of viable and in none of necrotic 
segments, respectively. 

Study limitations: Several limitations of the present 
study deserve further consideration. In this study we ap- 
plied a rigid classification of segments based on pres- 
ence or absence of coronary stenosis and wall motion 
abnormalities. It can be difficult sometimes to assign this 
or that segment to a definite category, and the limits of 
quantitative coronary angiography should also be con- 
sidered. Dobutamine infusion was discontinued at 10 
p.g/kg/min and no information is available in these pa- 
tients about the occurrence of myocardial ischemia with 
infusion rates of 20 and 40 n g/kg/min. Although only 
the 2 “fow” doses were infused, this appeared to be suf- 
ficient to unmask viable myocardium in most of our pa- 
tients. Even if commonly accepted segmentation 
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FIGURE 4. Background-subtracted left anterior oblique 70° 
projections obtained 16 hours after rest thallium-201 (TH 2) 
(left panel) and sestamibi (MIBI, right pane) injections in 

the same patient on different days. Thallium-201 image 
appears homogeneous, and activity profile normalized to 
maximal uptake (lower left panel) did not show any reduc- 
tion below normal limits. Rest sestamibi image shows a 
defect in the proximal anterior segment that was confirmed 
by the severe reduction in sestamibi observed in the corre- 
sponding angular profile (arrows). This patient had a 96% 
scones of tha feft MM RIDERE CORN SHY NON 
normal wall motion in this territory. 


2 P avale. in our institute, we > did ı not use sin- 

gle-photon emission computed tomography protocols for 
2 main reasons: (1) better standardization of quantitative 
analysis by planar techniques, and (2) difficulty in 
obtaining thallium-201 delayed images with single-pho- 
ton emission computed tomographic technology.! 

To minimize the possible interaction between perfu- 
sion and function, we studied only patients with chron- 
ic coronary artery disease and excluded all patients with 
acute myocardial infarction. In these patients, sestamibi 
may detect — even with a single post-treatment baseline 
injection — low-risk patients in whom a small area at 
risk (ischemia + necrosis) warrants a more watchful 
approach.’ Further clinical studies are needed to define 
the exact field of application of the 2 currently available 
tracers in this study population. 

Clinical implications: The results of the present 
study suggest that delayed thallium-201 scan and dobu- 
tamine echocardiography can improve the differentiation 
of viable from nonviable myocardium. Whether these 
"cheap'' signals provide comparable information to that 
of more sophisticated and expensive techniques, such as 
positron emission tomography, remains to be investigat- 
ed. A cautious interpretation of fixed defects is required 
for early thallium-201 and sestamibi images to determine 
the extent of infarcted myocardium. Although both 
methods have sufficient sensitivity in identifying viable 
segments, their limits, i.e., under- and overestimation of 
myocardial viability, should also be considered. 
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Difference between treatment groups found to be not statistically significant (P=.931). 
Results of a i2-week, randomized, double-blind, parallel, comparative study of 
pa tients with mild-to-moderate hypertension in 10 study sites nationwide. 
atients not controlled on VERELAN 240 mg/day were titrated to 360 mg/day 


and, if needed, 480 mg/day; patients not controlled on Procardia XL 30 mg/day 
were titrated to 60 mg/day and, if needed, 90 mg/day. 


[ ]No significant difference between 
groups in the number of titrations to goal 
DBP (<90 mm Hg) 
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CLINICAL PHARMACOLOGY 

Food does not affect the extent or rate of the absorption of verapamil from the controlled release VERELAN capsule 

Atrioventricular block can occur in patients without preexisting condition defects (see WARNINGS) 

Acceleration of ventricular rate and/or ventricular fibrillation has been reported in patients with atrial flutter or atrial 
fibrillation and a coexisting accessory AV pathway following administration of verapamil (see WARNINGS). 

In patients with hepatic insufficiency, metabolism is delayed and elimination half-life prolonged up to 14 to 16 hours 
(see PRECAUTIONS), the volume of distribution is increased, and plasma clearance reduced to about 30% of normal 


CONTRAINDICATIONS 

Severe LV dysfunction (see WARNINGS), hypotension (systolic pressure <90 mmHg) or cardiogenic shock, sick 
sinus syndrome (if no pacemaker is present}, second- or third-degree AV block (if no pacemaker is present), atrial 
flutter/fibrillation with an accessory bypass tract (eg, WPW or LGL syndromes), (see WARNINGS), hypersensitivity to 
verapamil 


WARNINGS 

Verapamil should be avoided in patients with severe LV dysfunction (eg, ejection fraction <30%) or moderate-to- 
severe symptoms of cardiac failure and in patients with any degree of ventricular dysfunction if they are receiving a beta 
blocker. Control milder heart failure with optimum digitalization and/or diuretics before VERELAN is used. Verapamil may 
occasionally produce hypotension. Elevationswof liver enzymes have been reported 

Several cases of hepatocellular injury have been demonstrated to be produced by verapamil. Periodic monitoring of 
liver function in patients on verapamil is prudent. Some patients with paroxysmal and/or chronic atrial flutter/fibrillation 
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E tain xd to determine the presence and extent of 








py. Coronary arteriograms were determined to be 
either normal or abnormal by visual inspec 
. Abnormal arteriograms were digitized and quanti- 
2 tated using a semiautomated edge-detection 
. algorithm. Thirty-eight patients receiving percuta- 
vé neous treatment of stenoses in the left coronary 
ui arter / system were studied. Optimal LM coronary 
 angiograms were obtained in 2 views, and T 
intravascular ultrasound images were obtained 
after the coronary interventional pr ced 
intravascular ultrasound detected. laque i 
27 angiographically normal LM arteries (89%), 
l whereas narrowing was observed in 11 of 11 
angiographically abnormal LM arteries (100%). 
Eight of 38 patients (21%) had >40% area steno- 
sis eby intravascular ultrasound. in patients with 





























. sound percent area stenosis (r= 0.125 | p = 0.72; 
_ SEE 19%). The median plaque area was not differ- 
. ent between angiographically normal (0.05 cm?; 
. 0.03, 0.08 [25th, 75th percentile]) and abnormal 
(0.06 cm?; 0.03, 0.1) patients. The median per- 
cent area stenosis in arteriographically normal 
. subjects (26%; 14, 32%) was less than that in 
. abnormal ones (37%; 20, 46%) (p = 0.03). Unrec- 
B ognized LM disease is widespread and often 
/ um eres imated in patients with normal LM 

grams undergoing interventional proce- 
dures. Plaque area is similar for angiographically 
normal and insignificantly abnormal vessels. This 
study suggests that intravascular ultrasound 
overcomes the limitations of silhouette imaging 
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and can be a clinically useful, adjunctive method 
to evaluate LM coronary artery dis 
(Am J Cardiol 1993;71:173-176) 


































he presence of left main (LM) coronary artery 

disease can have important prognostic and thera- 

peutic implications.’ Given the high-profile, fre- 
quently rigid interventional devices that are now ap- 
proved or undergoing development, even insignificant 
nonobstructive LM lesions (<50% angiographic diame- 
ter stenosis) may alter the percutaneous approach to a 
stenosis in the left coronary artery system. Despite its 
importance, LM disease is often neither accurately nor 
precisely evaluated by coronary angiography.?^? In an 
attempt to improve on angiographic techniques, cathe- 
ter-based, intravascular ultrasound has been devel- 
oped.^-" Unlike angiography, which produces longitudi- 
nal silhouette images of the coronary arteries, intravas- 
cular ultrasound generates tomographic i images, enabling 
the detection of size, composition and topography of 
normal and atherosclerotic vascular structures. Recent 
studies demonstrated that intravascular ultrasound corre- 
lates well with histology and provides additional mor- 
phologic information in the setting of coronary inter- 
ventions.*-? The purposes of this study were to deter- 
mine, using intracoronary ultrasound, the presence, 
extent and composition of LM coronary artery disease 
in patients receiving interventional therapy in whom no 
angiographic LM abnormality was recognized before 
treatment, and to compare intravascular ultrasound and © 
quantitative angiography in those with angiographically - 
insignificant LM narrowings. 


METHODS 

Patients: Thirty-eight patients were studied (26 men 
and 12 women; mean age 57 + 9 years). All patient 
were undergoing l-vessel, coronary interventional pr 
cedures (balloon angioplasty alone [n = 28]; direction 
coronary atherectomy [n = 8]; and balloon angioplasty 
plus stent [n = 2]). Interventions were pertormed in the 
left anterior descending artery in 31 patients and the left 
circumflex artery in 7. Informed consent for coronary 
artery imaging in conjunction with coronary angioplasty 
or atherectomy was obtained from all patients. 

Procedures: Before the intervention, diagnostic an 
giographic images were obtained of the LM coronat 
artery and target lesion. At least 2 orthogonal, unfo 








shortened views of the LM trunk were obtained in the 
shallow left or right anterior oblique view with optimal 
caudal or cranial angulation, as necessary. All interven- 
tional procedures and ultrasound imaging were per- 
formed over an 0.014 inch coronary guidewire (Ad- 
vanced Cardiovascular Systems, Mountain View, Cali- 
fornia). 

The ultrasound device consists of a 20 MHz, 175 
mm aperture, single-piezoelectric crystal transducer that 
is mechanically rotated within a 4.8Fr monorail, over- 
the-wire catheter at 1,800 rpm to provide 2-dimensional 
tomographic images (Boston Scientific Corporation, 
Watertown, Massachusetts). The images are displayed 
on a specially designed console (Diasonics, Inc., Milpi- 
tas, California). The intravascular ultrasound catheter 
was advanced over the wire distal to the lesion, and 
images were recorded on videotape as the catheter was 
withdrawn slowly through the lesion and LM trunk, and 
finally into the guiding catheter. 

Ultrasound image analysis: Intravascular ultra- 
sound images of the LM coronary artery were analyzed 
by 3 observers off-line using a Hewlett-Packard SONOS 
1000 system (Andever, Massachusetts). In the image dis- 
playing the most severe LM stenosis, minimal lumen 
diameter, cross-sectional lumen area and cross-sectional 
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FIGURE 2. Percent area stenosis by intravascular ultrasound 
(IVUS) was significartly less in normal than abnormal angio 
graphic (Angio) group. This figure depicts data in box plot. 
Upper and lower edges of box represent 75th and 25th per- 
and lower bars represent 90th and 10th percentiles, respec- 
tively, and points above or below 90th and 10th percentiles 
are plotted. 











sis (open arrow). Left main was normal 
(solid arrow). Corresponding intravascu- 
lar ultrasound (right) demonstrates sig- 
nificant soft, eccentric plaque. Percent 
area stenosis by intravascular ultrasound 
was 57%. Black arrow points to intemal 
elastic membrane, and white arrow to 
plaque mass. 


area enclosed by the intemal elastic lamina were quan- 
titatively analyzed. Cross-sectional plaque area was cal- 
culated by subtracting lumen area from internal elastic 
lamina area. Percent area stenosis was determined by 
dividing plaque area by internal elastic lamina area. 
Morphologic characteristics such as plaque composition 
(hard vs soft) and topography (eccentric vs concentric) 
were evaluated as previously suggested.’ Hard plaque 
was defined as vessel wall thickening with bright reflect- 
ed echoes or distal acoustic shadowing consistent with 
the presence of calcium, or both. Lacking these charac- 
temstics, soft plaque was represented as less dense 
echoes of thickened vessel wall. Eccentric plaque was 
defined as atheroma involving «5096 of the total cir- 
cumference of the vessel, whereas concentric plaque 
involved >50% of the circumference. 

Contrast angiography: Contrast angiography Was 
performed with hand injections of nonionic contrast, and 
images were obtained at 30 frames/s in a 7-inch image 
intensifier mode. Two experienced angiographers, 
unaware of the ultrasound image interpretation, visually 
analyzed all images and noted whether the LM coronary 
artery appeared angiographically normal or abnormal. 
Images that were abnormal by visual examination were 
quantitatively analyzed. The worst view of the LM was 
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FIGURE 3. Plaque area in abnormal left main group was not 
significantly different from that in normal angiographic (Am 
gio) group. This figure depicts data in box plot. Upper and 
lower edges of box represent 75th and 25th percentiles, re- 
spectively, and middie line, the median. Upper and lower 
bars represent 90th and 10th percentiles, respectively, and 
points above or below 90th and 10th percentiles are plot- 
ted. 
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FIGURE 4. Left, cranial left anterior 


intravascular ultrasound was 59% 


digitized and analyzed with a previously validated con- 
tour-detection algorithm.'' Percent diameter stenosis and 
percent area stenosis were defined at the site and view 
where the coronary angiographic image displayed min- 
imal LM diameter. 

Statistical analysis: Continuous data are presented 
as median (25th, 75th percentile), The correlation be- 
tween angiographic and intravascular ultrasonographic 
images was calculated with linear regression. For com- 
parison of continuous variables between 2 groups, the 
nonparametric Mann-Whitney test was used. 


RESULTS 

Angiographically normal left main artery: LM an- 
giograms were normal by visual interpretation in 27 pa- 
tients. Intravascular ultrasound detected plaque in 24 of 
27 patients (89%). Figure | is an example of a normal 
angiographic LM artery; however, by intracoronary ul- 
trasound, there was a 5796 area stenosis. In the angio- 
graphically normal group, the median percent area ste- 
nosis by intravascular ultrasound was 26% (14, 32%), 
which was less than the angiographically abnormal 
group’s median of 37% (20, 46%) (p = 0.03) (Figure 2). 
However, the plaque area was not significantly eure 
(normal 0.05 cm? [0.03, 0.08] vs abnormal 0.06 cm? 
[0.03, 0.1]; p=0.86) (Figure 3). Three patients had 
>40% area stenosis, and 1 had >S0%. Analysis of 
plaque composition revealed that 7 of 27 cases had hard 
plaque, and topographic analysis in this group found 
concentric plaque in 7 (26%) and eccentric plaque in 20 
(74%). 

Angiographically abnormal left main artery: In |! 
patients, coronary angiography revealed abnormalities of 
the LM trunk. Intravascular ultrasound detected plaque 
in all 11 patients. Figure 4 shows an insignificant (3796 
area stenosis) LM lesion underestimated with quantita- 
tive angiography, which by intracoronary ultrasound was 
found to cause a 59% area stenosis with a plaque area 
of 0.10 cm. 

In this group of patients, the plaque was eccentric in 
9 and concentric in 1; it was predominantly hard in 3 
and soft in 8. One patient had fluoroscopic LM calcifi- 
cation, and corresponding acoustic images revealed hard 
plaque and shadowing. Quantitative angiographic per- 
cent area stenosis was discordant from intracoronary ul- 
trasound (r = 0.12; SEE 19%; p = 072) (Figure 5). 

In a patient. with angiographic distal LM disease 








(38% area stenosis), it was unclear from arteriography 
whether the obstruction was sufficiently severe to pre- 
clude the use of directional coronary atherectomy. In this 
patient, intravascular ultrasound confirmed that the per- 
cent area stenosis was only 3756, and consequently, left 
anterior descending directional atherectomy was chosen 
rather than balloon angioplasty. 


DISCUSSION 

Accurately evaluating the degree of LM coronary 
artery stenosis is of paramount importance.'* Unfortu- 
nately, its correct diagnosis currently depends exclusive- 
ly on selective coronary arteriography. Numerous stud- 
ies over the past 2 decades demonstrated the limitations 
of angiographic imaging, particularly in the LM artery." 
Fisher et al’ analyzed 810 arteriograms from the Coro- 
nary Artery Surgery Study that were independently read 
by 2 angiographers. Measurements of the LM artery 
were the least reproducible of any coronary arterial seg- 
ment analyzed. When 1 angiographer read a stenosis of 
250%, a second one reported no lesion 18.6% of the 
time. In addition to being imprecise, LM imaging is also 
inaccurate. Isner et al? evaluated the accuracy of coro- 
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FIGURE 5. in patients with abnormal left main, there was no 
correlation between intravascular ultrasound (IVUS) and 
quantitative coronary angiographic (Qca) percent area 
stenoses. Angio = angiography. 
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nary. angiography in detecting LM disease. iiey com- 
pared the degree of narrowing of the LM artery ob- 
served by angiography with histologic analysis at nec- 
ropsy in 28 patients with symptomatic ischemia in 
whom angiography was performed within 40 days of 
death. In 46% of patients, at least 2 of 3 angiographers 
significantly underestimated the severity of LM stenosis. 
Six of 12 LM arteries narrowed by 76 to 100% in cross- 
sectional area were substantially underestimated by 2 of 
3 angiographers. 

The present study, using intracoronary ultrasound, 
confirms these pathologic observations. A very high per- 
centage (89%) of patients with angiographically normal 
vessels had disease by ultrasound, and 4 of 27 had 
>40% area stenosis. Furthermore, the median plaque 
area by intravascular ultrasound was similar in angio- 
graphically normal and abnormal vessels. These findings 
are consistent with other in vivo investigations that have 
shown the superior sensitivity of intravascular ul- 
trasound in peripheral and coronary arteries.??.!^.!? 

In previous studies from our group, intravascular ul- 
trasound was compared with digital angiography in 86 
human peripheral arterial segments.!^ Intravascular ul- 
trasound identified plaque in 24 sites, and 1l of these 
(4696) appeared normal by digital subtraction angiogra- 
phy. Intravascular and external high-frequency ultra- 
sound, and angiography were compared in 29 peripher- 
al vascular segments (superficial or common femoral 
arteries).'? Intravascular ultrasound detected 15 plaques 
in these segments, and these were confirmed by exter- 
nal ultrasound, whereas angiography detected only 6 
lesions. Several in vitro studies have shown intravascu- 
lar ultrasound to be highly specific, with excellent corre- 
lations between histologic and ultrasound analyses of 
plaque distribution, thickness and shape.*'© 

In the present study, there was no correlation in lu- 
minal dimensions between intravascular ultrasound and 
quantitative coronary angiography in the group with an- 
giographically detectable disease. In vitro and in vivo 
peripheral arterial studies have, in contrast, found excel- 
lent correlations between the 2 imaging modalities with 
respect to lumen size.>*'45 The particularly poor cor- 
relation in the LM artery is likely due to the unique 
geometry of the LM trunk itself or to the generic limita- 
tions of silhouette angiography, or both. Because of its 
variable origin off the aorta, its inconsistent superior and 
inferior course, and variable length, obtaining adequate 
orthogonal views of the LM artery may be impossible. 
To overcome this problem, angiographic images were 
obtained in 22 views that minimized foreshortening. 
However, silhouette angiographic imaging cannot detect 
or underestimates diffuse, concentric plaque, because 
there is no reference segment for comparison.!" Further- 
more, recent studies showed that atherosclerotic arteries 
. undergo compensatory enlargement. Because of the 
X expanding circumference of the internal elastic mem- 
brane, the lumen area can be conserved as atheroma 
accumulates.!5.? Thus, an atherosclerotic vessel with a 
conserved lumen area will appear angiographically nor- 
mal. In contrast, by intravascular ultrasound, there can 
be significant percent area reduction, because the effect 
of plaque mass is negated by an enlarging internal elas- 
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tic membrane. Anne explanatio 








| the poor corre- 
lation can be attributed to intravascular ultrasound itself. 
It has certain limitations that affect image quality, such 
as catheter eccentricity and beam divergence that can 
lead to errors in the quantitative determination of lumen 
area. 

This study demonstrates the ubiquitous nature of LM 
atherosclerosis in patients undergoing interventional pro- 
cedures. Because many coronary interventional devices 
are large and inflexible, the presence of LM disease by 
ultrasound can alter the device selected for percutaneous 
revascularization. Furthermore, this study suggests that 
intravascular ultrasound can be a useful adjunctive imag- 
ing method for evaluating LM coronary artery disease. 
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ee are conflicting results concerning the anti- 
`- ischemic effect of nifedipine in patients with 
-chronic stable angina. Therefore, the purpose of 
this study was to assess whether the anti- 
ischemic effect of nifedipine may be related to 
coronary collateral circulation. Forty-one patients 
with stable angina and coronary artery disease 
were randomized to a parallel double-blind study 
with nifedipine and metoprolol, and compared for 
effects on transient ischemic episodes during 
ambulatory electrocardiographic monitoring and 
. exercise-induced ischemia. The effects were cor- 
related to the presence of collateral circulation. 
In 17 patients, angiographically poor or no collat- 
eral flow was observed (group 1), and 24 had 
good collateral flow (group 2). Nifedipine was 
administered to 20 patients (8 in group 1, and 12 
. in group 2). In group 1, nifedipine reduced the 
-- frequency of total and asymptomatic ischemic 
- episodes (p «0.05), whereas significant increases 
in both total (p «0.05) and silent (p «0.01) 
ischemia were observed in group 2. Exercise vari- 
. ables were slightly improved (p = NS) during 
. nifedipine therapy in group 1, and slightly wors- 
 ened (p = NS) in group 2. Reflex tachycardia was 
not observed at either the onset of transient 
ischemia out of the hospital or exercise-induced 
ischemia. This was in contrast with the effect in 
21 patients treated with metoprolol (9 in group 
1, and 12 in group 2) where significant reduc- 
. tions were observed in the frequency of both 
. total (p «0.01) and silent (p «0.01) ischemia in 
— both groups. Furthermore, a beneficial effect was 
observed on all exercise variables. Thus, the anti- 
ischemic effect of nifedipine appears to be influ- 
enced by the presence of coronary collateral 
flow, and increased ischemic activity may be due 
to a coronary steal phenomenon. 
(Am J Cardiol 1993;71:177-183) 
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effect of the calcium antagonist nifedipine, be- 

cause its reported effects on frequency of angina, 
ischemic variables during exercise testing and ambula- 
tory monitoring vary considerably.'-? The pathophysiol- 
ogy of ischemic episodes during daily life appears to dit- 
fer from myocardial ischemia induced during exercise 
testing,"-!! because the heart rate in relation to transient 
ischemia out of the hospital is significantly less than that 
observed during exercise-induced ischemia, which sug- 
gests a reduction in myocardial oxygen supply as a 
major determinant of ambulatory ischemia with or with- 
out symptoms. Therefore, the coronary vasodilator effect 
of nifedipine should be beneficial, resulting in increased 
coronary flow and myocardial oxygen supply. 

This study assesses the variable anti-ischemic effect 
of nifedipine, using the hypothesis that its efficacy may 
be related to the presence of coronary collateral flow, 
which could be associated with a coronary steal phe- 
nomenon. Furthermore, a double-blind comparison was 
performed with metoprolol, a B-adrenoceptor blocking 
drug without known coronary vasodilator effect, to as- 
sess if the presence of coronary collateral flow is of im- 
portance for the anti-ischemic response to different ther- 
apies. 


METHODS 

Patient cohort and protocol: The study comprised 
4] patients (aged «70 years) with chronic stable angina 
for 26 months and without a myocardial infarction in the 
preceeding 3 months. Patients with unstable angina, 
overt heart failure and severe hypertension were exclud- 
ed from the study; those with bundle branch block, re- 
ceiving any medication that could influence ST-segment 
evaluation, with gross left ventricular hypertrophy or se- 
vere valvular heart disease, or without sinus rhythm were 
excluded, as well. 

After entering the study, all antianginal medication 
was withdrawn, and patients were administered placebo 
in a single-blind manner for 1 week, allowing only sub- 
lingual nitrates for relief of anginal pain, but not for pro- 
phylactic use. During the placebo period, coronary arte- 
riography was performed in all patients, and a symptom- 


T here is controversy concerning the anti-ischemic 


limited, maximal exercise test and ambulatory moni- ~ 


toring were performed at the end of the period. Patients 
then began a 2-week, double-blind, parallel study with 
nifedipine and metoprolol. During this period, patients. 
were randomized to receive either r nifedipine SUE mg 
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| infarction; Sub. = subendocardial; Trans. = transmural. 


times daily the im week and 20 mg, 3 times daily the 
second week) or metoprolol (50 mg twice daily the first 
week, and 100 mg twice daily the second week). The 
design with 2 dose levels was selected to avoid drug- 
related side effects. All assessments were performed at 
the end of both the placebo period and the second week 
of active treatment. Patients did not receive any other 
concomitant medication that could affect ischemic activ- 
ity. The effects on total ischemic activity compared with 
placebo have been reported elsewhere? All patients gave 
informed consent before inclusion, and the study was 
approved by the local ethical committee. 

angiography: Selective coronary angiog- 
raphy was perform ied in standard projections and evalu- 
ated blindly by an experienced. investigator. For each 
patient, the number and localization of coronary artery 
stenoses were determined. Coronary stenoses were esti- 
mated as a percentage of luminal narrowing based on 
diameter reduction, and narrowing >75% was consid- 
ered significant. 

Coronary collateral circulation was classified ac- 
cording to previous description.'? Patients were divided 
into the following 2 groups: group 1, no or poor collater- 
al flow, defined as «5096 opacity of the distal coronary 
artery receiving collateral flow compared with the seg- 
. ment proximal to the stenosed or obstructed vessel; and 
-group 2, good collateral flow, where the opacity of the 
-distal segment of the coronary artery was 250% of the 
proximal segment. If >1 coronary artery was collateral- 
ized, the patient was assessed according to the best col- 

lateral flow. Before coronary angiography, left ventric- 
ulography was performed with measurement of ejection 
fraction and left ventricular end-diastolic pressure. 
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myocardial 


Ambulatory monitoring: Ambulatory monitoring - 
was performed for 36 hours at the end of both the pla- _ 
cebo period and active treatment, using a calibrated, 
amplitude-modulated 2-channel tape recorder (Tracker 
Revnolds). Transient ST-segment depression was de- 
fined as >| mm of horizontal or downsloping ST-seg- 
ment depression 80 ms after the J point, and ST-seg- 
ment elevation as >] mm of ST-segment elevation at the 
J peint. Each episode had to last 21 minute, and 22 min- 
utes of normalization of the ST segment were required 
to define 2 separate episodes. The method has been 
described in detail elsewhere? The number of symp- 
tomatic and silent ischemic episodes, their duration and 
heart rate at the onset of ischemia were noted for each 
Exercise testing: A maximal, pion bae bi- | 
cycle exercise test was performed at the end of both the 
placebo period and active treatment. A 12-lead, precor- 
dial mapping system was used to enhance the detection 
of ST-segment changes.'? The same criteria for ST-seg- 


ment change was used as that during ambulatory moni- — 


toring. For each exercise test, the maximal exercise load 
was noted, as well as the time to ST-segment change 
and angina, and heart rate at the onset of ST-segment 
change and angina. Blood pressure was measured at rest, 
during each level of work load, at maximal work load 
and during the recovery phase. 

Statistical analysis: Data are expressed as mean + 
SD, and 2-tailed p values «0.05 were considered signifi- — 
cant. Data obtained during ambulatory monitoring were .- 
analyzed by nonparametric stati 
signed-rank test for within-gr Ip comparisons and the 
Mann-Whitney test for between-group comparisons. 
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*Values equal diametar reduction (96). 
CX = left circumflex coronary artery; LAD = - left anterior descending coronary artery; LM = left main stem; Prox. = 
proximal: RCA = center E S 





Furthermore, variables obtained during. ambulatory mon- 
itoring were calculated for each hour to adjust for dif- 
ferent baselines values. Exercise variables were tested 
vith multivariate analyses of variance and unpaired f 





TABLE HI Coronary Angiographic Diameter Reduction in 
Patients Randomized to Nifedipine or AON 
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The study comprised 40 men and. 1 woman. The jos : : 
mean age was 55 + 7 years, systolic blood pressure 133 ns s 
-< t17 mm Hg and diastolic blood pressure 88 + 12 mm 100% 3 2 
ie Hg, and 30 patients had a previous myocardial infarc- 90-99% 3 1 
. tion (Table I). There were no significant differences be- eae l l 
tween patients randomized to nifedipine and metoprolol. S s 4 4 
dom ary anatomy: All 41 patients had coronary ar- 100% 3 3 
o tery stenosis of >75% in 21 major coronary artery. In 90-99% 6 3 
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“TABLE IV Frequency and Duration of Total and Silent Ischemia in Individual Patients with | 


No or Bad Collateral Flow (group 1) During Placebo.and Nifedipine/Metoprolo! Therapy 
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SI = silent ischemia; TI = total ischemia. 


patients received nifedipine and 12 metoprolol. The an- 
giographic diameter reductions in the proximal part of 
the left anterior descending, left circumflex and right 
coronary arteries for patients subsequently randomized 
to nifedipine and metoprolol are listed in Table MI. 
There were no differences between the 2 treatment 
groups. 

. Data for ejection fraction and left ventricular end- 
diastolic pressure are listed in Table I. Ejection fraction 
was 62 t 17% in the nifedipine group, and 65 + 13% 
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in the metoprolol group (p = NS), and the correspond-  - 
ing figures for left ventricular end-diastolic pressure. 
were Il + 5 and 10 + 6 mm Hg (p - NS), respectivel 

Ambulatory monitoring: In all, ambulatory monitor- 
ing was performed for 2,755 hours, and 352 ischemic ` 
episedes were observed (275 [78%] asymptomatic). The 
total duration of ischemia was 4,365 minutes, and 3,090 
(71%) were silent. 

EFFECTS OF NIFEDIPINE: A significant decrease in isch- 
emic activity was observed for both the total number of 


ns12 


fedipine (Nif) on total (whole bars) and __ 
silent (hatched bars) ischemia in patients 
with no or poor (- Coll) or good (+ Coll) - 


collateral flow. *p «0.05; **p «0.01. — 





FIGURE 1. Effects of placebo (Pla) and nè _ 
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.. pine; p «0.05) and asymptomatic ischemia (34 with nifedipine; p «0.05) and asymptomatic ischemia (51 
. placebo vs 21 with nifedipine; p «0.05) in group 1. In with placebo vs 81 with nifedipine; p «0.01) in group 2 


- contrast, a significant increase was observed in total (Figure 1). A significant increase was observed in total 


TABLE V Frequency and Duration of Total and Silent Ischemia in Individual Patients with 
Good Collateral Flow (group 2) During Placebo and Nifedipine/Metoprolol Therapy 
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duration of both ischemia (p «0.05) and silent ischemia 
(p «0.05) in group 2, whereas no significant effect was 
observed in group 1. Individual data for frequency and 
duration of total and silent ischemia are listed in Tables 
IV and V, and the tables are organized according to 
medication and presence of collateral flow. Heart rate at 
the onset of ischemia was not significantly changed dur- 
ing nifedipine therapy compared with during placebo 
treatment (102 + 13 vs 99 + 14 beats/min; p = NS), and 
there were no differences in heart rate between groups 
| and 2. 

EFFECTS OF METOPROLOL: According to coronary 
anatomy, the reduction in frequency of ischemic activi- 
ty for group | was from 35 to 16 for total ischemia and 
from 25 to 12 for silent ischemia (p «0.01); in group 2, 
B. corresponding values for total ischemia were 47 to 
—. 2] and for asymptomatic ischemia 34 to 17 (p <0. 01) 
- (Figure 2). The duration of symptomatic and silent is- 
.. chemia was also reduced (p <0.01). This reduction was 
independent of the presence of coronary collateral flow. 
Individual data for frequency and duration of total and 
. Silent ischemia are listed in Tables IV and V. Heart rate 

at the onset of ischemia was significantly reduced dur- 
|. ing metoprolol treatment compared with during placebo 
. therapy (78 + 10 vs 99 + 14 beats/min; p «0.01), and 
- the reduction in heart rate was the same for groups | 
and 2. 
. .. Exercise testing: EFFECTS OF NIFEDIPINE AND METO- 
Z PROLOL: In patients with poor or no collateral flow, treat- 
ment with nifedipine induced a slight improvement 
^(pz NS) in exercise variables, whereas a tendency 
toward reduction (p= NS) in the same variables was 
observed in patients with good collateral flow; both 
groups were compared with the same group of patients 
. during placebo treatment. During nifedipine therapy, no 
. change in heart rate was found, whereas a significant 
reduction in heart rate was observed during metoprolol 
therapy (Table VI). 
- Resting systolic blood pressure at the end of the pla- 
-cebo period was 132 + 17 mm Hg for the nifedipine 
group and 134 + 24 for the metoprolol group (p = NS). 
The corresponding figures at the end of active therapy 
were 128 + 19 and 129 + 22 mm Hg (p = NS), respec- 
tively. The values at maximal exercise were 173 + 24 
and 175 + 28 mm Hg (p= NS), respectively, during 
placebo, and 167 + 24 m 165 + 36 mm Hg (p= NS), 
respectively, during active therapy. There were no dif- 
ferences between. groups | and 2. 
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| Nifedipine Metoprolol 
Placebo | Ait Pts. Group | Group 2 Placebo All Pts. Group 1 Group 2 
(n = 20) (0-20) - (n= 8) (nz 12) (n = 21) (n — 21) (n = 9) (n = 12) 
Max. ex. load (W) 93 «40 92430 94-32 20-38 92438 121+46* 121443* 122247 
Time to ST-segment change (min) G24 Pe 744 5-23 6+ 4 10 + 3t 102 37 IO «31 
Time to angina (min) 73 8*4 9+3 6+ 4 £353 12 x 4t 1l x 51 12 x 4t 
HR/ST (beats/min) 116 £20 120-21 119223 120-19 11524 96 x 101 95 x 121 96 + 131 
HR/pain (beats/min) 118x17 121418 1204 25 122 +18 120+ 19 97 + 12i 98 x 9t 


97 + 141 


ex, = exercise; HR/pain = heart rate at onset of angina: HR/ST = heart rate at onset of ST-segment change; Max. = maximal. 





DISCUSSION 

Coronary collateral flow appears to be a determinant 
of the anti-ischemic effect of nifedipine during out-of- 
hospital ischemia. Patients with or without poor col- 
lateral flow had a significant benefit from nifedipine ther- 
apy with a reduction in both symptomatic and asymp- 
tomatic ischemia during daily life, and furthermore, a 
tendency toward improvement was observed in exercise 
variables. These observations correspond well with the 
anti-ischemic properties of nifedipine, with reduction of 
afterload, coronary vasodilatation and a metabolic effect 
on the myocardium. ^.^ 

This was in contrast to the effect of nifedipine in 
patients with good collateral flow, where an increase in 
ischemic activity was found during daily life, with a 
marked increase in silent ischemia. Exercise variables 
showed the same tendency (p- NS). The absence of 
significance during exercise testing could be related to 
the relatively small number of patients or to differences 
in the pathophysiology of ischemia, where collateral cir- 
culation may be of more importance during ambulatory 
than exercise-induced ischemia, where flow-limiting 
coronary stenosis may have the major role. In other 
studies, the absence of an anti-ischemic effect of nifedi- 
pine has been ascribed to reflex tachycardia,'®!” but in 
this study, no increase in heart rate was observed at the 
onset of ischemia out of the hospital or during exercise 
testing. The effect on blood pressure was the same dur- 
ing therapy with nifedipine and metoprolol. The dose. of 
nifedipine was selected based on ordinary clinical use 
and was not individualized for each patient,'6!8 and 
even with a higher or lower dose, there have been nonre- 
sponders to therapy.5.? 

This study is in accordance with that of Schulz et 
al,!? who found that the anti-ischemic effect of nifedi- 
pine, assessed by exercise testing, was related to the 
presence of collateral vessels, and a coronary steal phe- 
nomenon through collaterals was suggested. We have 
expanded this observation to include the anti-ischemic 
effect of nifedipine during daily life. This steal phenom- 
enon may induce myocardial ischemia by reducing cor- 
onary resistance and directing flow from poststenotic, 
underperfused areas to normally perfused myocardium. 
Coronary steal has also been described for dipyridamole, 
which is another arteriolar vasodilator.9?! This may 
indicate that coronary steal can occur with other arteri- 
olar vasodilators. The relation between coronary anato- 
my and the anti-ischemic effect of nifedipine may ex- 








| plain the complexity of results tn different studies in | 


which nifedipine has had a beneficial effect on chronic 
stable coronary artery disease, whereas other studies 
have found an absence of effect and even an increase in 
ischemic burden.? 

Increased morbidity and mortality have been de- 
scribed during therapy with dihydropyridine calcium 


antagonists (nifedipine and nisoldipine) in patients with - 
stable angina," acute or threatened infarction,” or un- 
stable angina.’ This effect of dihydropyridine calcium 
antagonists has been described as pro-ischemia,? and 


the present study indicates that this could be mediated 
. through a coronary steal. 

.... Metoprolol produced a highly significant reduction in 
o symptomatic, asymptomatic and exercise-induced myo- 
` cardial ischemia, which was independent of coronary 
. anatomy. Thus, coronary collateral circulation does not 
< -appear to be an independent factor for the anti-ischemic 

effect of various therapies. 

This study has certain limitations. First, the number 
of ischemic episodes in patients randomized to nifedi- 
pine was greater (114) than in those with metoprolol 
(82). This difference appears to be based on a greater 
number of patients in the metoprolol group without am- 
bulatory ischemia during placebo treatment. These pa- 


tients remained without ischemia, and the reduction in 


ischemic activity by metoprolol was achieved in fewer 
patients. Second, the proposal of a coronary steal phe- 
nomenon is based on the medical effect in different 
groups of patients with or without collateral circulation 
and not on flow measurement in the coronary arteries. 
- Clinical implications: This study indicates that 
_. nifedipine may induce a coronary. steal phenomenon in 
.. patients with significant coronary collateral flow, not 
- only during exercise-induced ischemia, but also during 
.. symptomatic and asymptomatic ischemia out of the hos- 
. pital. Therefore, the anti-ischemic effect of nifedipine in 
`: patients with chronic stable angina may be unpredictable 
J— if the coronary anatomy is not known. However, meto- 
- .prolo| may be used without knowledge of coronary 
anatomy. 
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To evaluate the impact and limitations of - 
intracoronary ultrasound, 64 segments of 13 iso- 
lated coronary arteries were examined and 2 
mechanical devices (device A, 30 MHz 5Fr [CVIS] 
and device B, 20 MHz 4.8Fr [Diasonics/Boston 
Scientific] were compared with the corresponding 
histologic specimens. Luminal dimensions were 
assessed with and without echogenic contrast 
= (Laevovist®, Schering AG, Germany). After 
plication of contrast dye, correlation of luminal 
area between histology and ultrasound was 
improved from r = 0.62 to r = 0.77 (device B; 
p <0.05) and from r = 0.82 to r = 0.88 (device A; 
p = NS). Low accuracy of lumen measurements in 
segments <2.5 mm could be improved by applica- 
tion of contrast dye. The number of quadrants in 
which wall thickness measurements were impos- 
sible was significantly higher for device B (n = 
56; 22%) than for device A (n = 28; 11%); p <0.01. 
This may be due to the different ringdown diame- 
ters of both systems (B, 2.6 mm; A, 2.0 mm; p 
<0.0001). In assessing wall thickness only in AA 
ments of »2.5 mm, a reliable correlation between 
ultrasound and histology was found (A, r = 0.80; 
B,rz 0.60). sensitivity of plaque (n = 51) detec- 
tion was lower for device B (63%) than for device 
A (82%, p «0.05), and measurements correlated 
with histology only for device A. There are con- 
siderable differences in the accuracy of ultra- 
-sound measurements between mechanical sys 








/. tems. Nevertheless, additional application of con- 


trast dye can improve accuracy of luminal 
measurements, especially in smaller vessels. 
(Am J Cardiol 1993;71:184-191) 
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atheter-based, coronary imaging by naua 
ultrasound has recently been introduced as a new 

= technology in the assessment of coronary artery 
disease. -17 However, the experience with intracoronary 
ultrasound for diagnostic evaluation is limited.’*!° Fur- 
thermore, there is an obvious lack of experimental data 
with regard to correlation between the ultrasound image _ 
anc the microscopic anatomy of the human coronary - 
artery. 5. Currently, several mechanical intravascular 
ultrasound devices using either a rotating transducer or 
a rotating mirror at the tip of the catheter are commer- 
cialiy available. However, no systematic comparison of 
these different technologies has been analyzed in in vitro 
studies. The results of transthoracic and transesophageal 
studies have demonstrated that echogenic contrast dye 
can improve image quality and provide higher accuracy 
of left and right ventricular measurements. Thus, it could - 





be expected that the application of contrast dye would — 


have an impact on the accuracy of lumen measurements 
of coronary arteries. The current study was designed to 
address these questions in an in vitro study in post- 
mortem human coronary arteries comparing the ultra- 
sound images with the histology of the corresponding 
segment. The aim of the study was to analyze the accu- 
racy of intravascular ultrasound for determination. of 
atherosclerotic plaque, lumen area and diameter and 
wall thickness, to compare intravascular imaging of 2 
different mechanical ultrasound devices (mirror- versus 
transducer-rotating systems), and to evaluate the impact 


of echogenic contrast dye on the accuracy of measure- .- 


ments of lumen and luminal borders of coronary arter- - 
ies. 


METHODS 

Ultrasound transducer: Two commercially avail- 
able mechanical ultrasound imaging systems were used 
in this study: a 30 MHz transducer mounted on the tip 

of a 5Fr catheter (CVIS) and a 20 MHz transducer on 
the tip of 4.8Fr catheter (Boston Scientific/Diasonics). 
The principle of the first system is a rotating mirror (up 
to 1,500 rpm) reflecting the ultrasound beam emitted by 
an ultrasound crystal located at the tip of the catheter. 
The second system has a rotating ultrasound transmit- 
ting transducer (500 rpm). 

Material: Ultrasound was performed using postmor-- 
tem m arteries of 9 patients (8 men and | wom- 
an, aged 68 + 1l years [mean + SD, range 54 to 86)). 
Arterial specimens were collected during autopsy, and 
were studied fresh, without fixation within 6 hours after 
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Contrast Dye 





Contrast Dye 


Rotating mirror 
(n = 62) 


Rotating probe 
(n = 44) 





(n = 30) 





(n = 34) 


" necropsy. The arteries were o sparing the adventi- 
tas and surrounding soft tissue to simulate in situ condi- 


"tions. Side branches were tied off with sutures. After- 








y wards, the vessels were mounted on a special device 
— (Figure 1) and perfused by physiologic saline solution. 
Intraluminal pressure was maintained constant at 70 mm 
Hg. Thus, 64 segments of 13 coronary arteries were 
.. visualized by 2 different mechanical ultrasound devices 
| dnd compared with the respective histologic specimen. 
Ultrasound imaging: The intravascular ultrasound 
4 caibetér was inserted and aligned coaxially to the arteri- 
al segment. The total arrangement (Figure 1) was then 
immersed in a physiologic saline bath that was kept at 
room temperature. Images were then obtained at 0.5 cm 
intervals along the entire length of the artery. Gain, con- 
trast and other parameters of pre- and postprocessing 
were adjusted for each image to provide optimal image 
quality. The position of the ultrasound catheter was 


.. marked within the surrounding soft tissue by needles for 


= each measuring site, thus allowing the exact circular and 
_ longitudinal orientation. 
__ Histology: After the ultrasound imaging procedure, 
^ arteries were pressure (70 mm Hg) perfusion-fixed in 
- -. 1096 neutral-buffered formalin, and 24 hours later placed 
— in a standard decalcification solution. After embedding 
-. (paraffin), histologic sections were taken at the sites pre- 
E viously marked by needles. Before this procedure, the 
arteries were marked with India ink at the place where 
the reference needle had been placed for circular and 
longitudinal orientation. Zero degrees was defined as the 
. site with the marker next to the arterial lumen (degree 
` scale clockwise). Microphotography was performed for 
each section to ensure correct orientation. All sections 
were stained with hematoxylin-eosin and elastic Van 
Gieson' s stains. 
ysis of ultrasound images: The ultrasound 
images were analyzed by 2 experienced investigators 
using stop-frame images; in cases of disagreement, anal- 
ysis was repeated. Lumen diameter was defined as the 
arithmetic mean of the largest and smallest diameter. 
Luminal area was determined by planimetry after defi- 
nition of the luminal border of intima. According to 
Tobis et al,!? the media was defined as a circumferen- 
tial, uniform echolucent zone. Tissue echoes, arising 
central to the media were defined as intima, those aris- 
ing peripherally as adventitia. Thus, wall thickness was 
. assessed by measuring the distance between the luminal 
— border and the borderline between media and adventi- 








| TABLE I impact of Contrast Dye on the Accuracy of Lumen Measurements by Intravascular Ultrasound 


Deviation of 


No. of Lumen Measurements Not Measurements Contrast Dye 
Area Measurements Identical With With and Without Reduces Deviation Measurements Only 
Possible Without and Without Contrast Between Ultrasound Possible After 


Dye > 15% 
in = 10) 
(n = 14) 


THAI vessels in this group had a iumen diameter « 2,5 mm. With both devices, lumen and area measurements were possible in all 64 segments after application of contrast dye. 


From These: 






and Histology Contrast Dye 





100% 
(10 of 10) 
100% 
(14 of 14) 


tia. Measurements of wall thickness were performed 
clockwise at 0°, 90°, 180° and 270°, with 0° represent- 
ing the point nearest to the orientation marker. Athero- 
matous deposits were defined as either echolucent ma- 
terial within the intimal plaque (representing lipid 
deposits), hyperechogenic (representing fibromuscular/ 
fibrous plaque) or hyperechogenic with dorsal shadow- 
ing (representing calcifications). Plaque thickness was 
determined radially as the maximal distance between the 
margins of the plaque. Measurements of luminal area 
and diameter were performed with and without echo- 
genic contrast dye (SH U 508 = Laevovist), whereas all 
other measurements were based on the results after ap- 
plication of contrast dye. Perfusion pressure was main- 
tained constant at 70 mm Hg during this procedure. The 
ringdown diameter was measured for both systems: 2.6 
+ 0.07 mm for the rotating probe system and 2.0 + 0.04 
mm for the rotating mirror system (n = 20, p «0.0001). 
In vessels with a lumen smaller than the ringdown diam- 


eter (rotating transducer, n = 26; rotating mirror, n = 15), 


no reliable correlation could be found for either area or 
vessel wall measurements in both devices, whereas the 
correlation was equal or slightly improved in the remain- 
ing vessels. All measurements were performed online 
using software of the individual ultrasound device for 
analysis of linear dimensions and planimetry, and were 
repeated offline for determination of intraobserver vari- 
ability using a Cardio-200 image analysis device (Kon- - 
tron, Munich, Germany); for wall thickness measure- 





FIGURE 1. Experimental setting. - 
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of the rotating mirror and rotatin; 
(89%) and 200 (78%) of 264 site: 
«0.001 ). 





could be assessed (p 





(sis of histology: The histologic specimens 
were analyzed under light microscopy by a cardiovas- 
cular pathologist unaware of the ultrasound wall 
characterization and measurements. Morphometry was 
performed | by a semiautomatic analy is device with 














previously validated software using a. Reichert-Jung 
Mod. Univar microscope with tracing device a and a mod- 
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ified digitizer (Summag graphics) with light point curso 
(MTS GmbH, Tübingen, Germany) connected to a 
Commodore desktop computer. Qualitative and quanti- - 
tative analyses were based on the same definitions used. 
for the ultrasound imaging. Owing to artifacts from tis- 
sue processing, morphometry of vessel wall thickness 
was impossible at 4 of 256 sites of the 64 segments. 
Fifty-eight of the 64 images evaluated in this study had 





of 64 segments (80%), distinct plaques. were found by 
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E “histologic examination: They were located in the intima 
in 12 cases, and in the media in 7; in the remaining cases 
the lamina elastica interna as a borderline between inti- 
ma and media was destroyed. Five plaques were calci- 
fied and 46 were found to be fibrous/fibromuscular. No 
intimal lipid deposits were found by histology. 
Statistical analysis: Correlations between intravas- 
cular ultrasound and histology were determined by a lin- 
ear regression analysis. The level of significance was 
tested with a probability value «0.05 as significant. Ad- 
ditionally, subgroups were formed according to the his- 
tologic lumen diameter (smaller vessels: lumen diame- 
ter <2.5 mm, n = 26; larger vessels: lumen diameter >2.5 
mm, n = 38). Chi-square test and Student's paired f test 
were performed using a statistical program (PlotIT, TM) 
and Z values were calculated to compare different cor- 
relations. Intraobsever variability was determined for 
measurements of area, plaque and wall thickness. 


RESULTS 

Luminal diameter of the analyzed vessels was 2.6 + 
0.6 mm (mean + SD, range 17 to 4.4) measured by his- 
tology, 2.8 + 0.7 mm with the rotating mirror, and 2.9 + 
0.7 mm with the rotating transducer system. The corre- 
lation coefficient between ultrasound and histology was 
significantly better with the rotating mirror (r= 0.86) 
than with the rotating transducer system (r=0.72, p 
«0.05; Figure 2). Thus, diameter calculated from ultra- 
sound was 17 + 21 and 17 + 22% higher than the mor- 
phometric values. According to the plot of the mea- 
surements of the perfusion-fixed arterial ring versus 


Y= oX + b 

r = 0.60 
2.07 a = 0.47 

b = 0.21 
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Wall thickness (mm), 4.8F device 


Wall thickness (mm), histology 


measurements of the corresponding histologic section ` 
(Figure 3), we were able to confirm the validity of our 
histologic findings. 

Luminal area determined by histology was 5.3 + 34 
mnm, by the rotating mirror system 6.5 + 3.4 mn, and 
by the rotating transducer system 6.3 + 3.2 mni. Cor- 
relation between intravascular ultrasound and histology 
was not statistically different for both systems (r = 0.88, 
rotating mirror system; r= 077, rotating probe system; 
Figure 4). Again, a slight overestimation of luminal area 
was found, which was significant (p «0.05) only with 
the rotating mirror system (36 + 49%; rotating. probe 33 

46%), leading to an overestimation. of area in 52 seg- 
ments (81%), respectively. Subgroup analysis revealed 
that in vessels with a lumen diameter 22.5 mm, a good 
correlation between ultrasound and histology could be 
found for the rotating mirror system (r = 0.88, y = 0.81x 
+ 2.8 mm; p <0.001) and for the rotating probe system 
(r= 076, y = 0.64x + 3.6 mm; p «0.001). In contrast, 





in smaller vessels (lumen diameter «2.5 mm), correla- _ 


tion between ultrasound and morphometry was reduced 
(rz 0.48, p «0.02) using the rotating mirror system, 
whereas no relation was found with the rotating probe 
device. 
impact of contrast medium on i 

ultrasound: Luminal borders could be defined only after 
application of contrast dye in 3% using the rotating mir- 
ror and 22% using the rotating probe device (p «0.001; 
see Table I). The number of area measurements that had 
to be corrected after application of contrast dye was 
significantly lower using the rotating mirror (p «0.000; — 
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p FIGURE 6. Subgroup analysis of large diameter vessels (diameter >2.5 mm): Piet ol wall daaa meaa by 2 dii 
' ferent mechanical ultrasound devices compared with histologic measarements at the identical site; rotating probe system 


(4.8Fr) and rotating mirror system (5Fr device) 
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iG TABLE H Analysis of Plaque Identification by Two Mechanical 
Ultrasound Devices Compared with Histologic Findings 
Correctly 


Identified 
Negative 


Correctly 
Identified 
Positive 


False- 
Negative 


18% 

9 (of 51) 
37% 
19 (of 51) 
p= NS 


False- 
Positive 


85% 
11 (of 13) 
62% 

8 (of 13) 
p= NS 


82% 
42 (of 51) 


63% 
32 (of 51) 


p «0.05 


1576 
2 (of 13) 


38% 
5 (of 13) 


p= NS 


| 5Fr probe 
(rotating mirror) 


4.5Fr probe 
(rotating probe) 


. Table D). Correlation coefficient for area measurements 
-. comparing ultrasound and histology could be elevated 
<- from 0.62 to 0.77 (p <0.04) using the rotating probe sys- 


B tem. With the rotating mirror system the use of contrast 


dye. improved the correlation coefficient (r = 0.82 to 
ops 0.88; p = NS); measurements with this device had 
been possible in all cases in smaller vessels. A relation 
between ultrasound and histology was found (r = 0.48, 
p <0.02) in this subgroup only with contrast dye and 
only with this device. 
. -. Vessel wall thickness determined by histology was 
.. 0.65 + 0.33 and 0.64 + 0.20 mm with the rotating mir- 
ror system and 0.49 + 0.19 mm with the rotating trans- 
. ducer system. Correlation between ultrasound and his- 
= tology was low (r = 0.52 and 0.53, respectively; Figure 
<2 5). The deviation between the rotating mirror system and 
histology was 12.4 + 41.8% (rotating probe —12.5 + 
29.5%). A significantly (p «0.0I1) more reliable relation 
- was found in vessels 22.5 mm (r = 0.80) for the rotat- 
. ing mirror, but not for the rotating probe device 
= 0,60; Figure 6). 
~ > identification: With use of the rotating mir- 
oor system, 42 of 51 plaques were correctly identified 
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_ FIGURE 7. Plot of plaque thickness measurements by 2 different mechanical ultrasound devices compared with histo xi 
-measurements a th tential se; rotating proba atem (35, and rotating miror system (SH even) E 








ECHOGENIC CONTRAST IN INTRACORONARY ULT 


TABLE iii Plaque identification in Small and Large Lumen 
Diameter Vessels: Number of Plaques That Were Not Recog- 
nized by Intracoronary Ultrasound in Different Vessel Sizes 
Total of 

False- 
Negative 
Plaques 








Lumen 
Diameter 


>2.5 mm, 
<3mm 
18% 
(n= 1) (n = 0) 
33% 33% 16% 
(ry = 8) (n = 8) 


p = NS considering different lumen diameters. 


<2.5mm > 3mm 


65% 
(n = 8) 































Rotating mirror 
device 

Rotating probe 

device 





(Table II) compared with 32 of 51 (p «0.05) for the 
rotating probe device; all 5 calcified plaques were de- 
tected by either device. Characterization of plaque type 
was correct in all cases. Table III demonstrates the ten- 
dency toward false-negative results in small diameter 
vessels. In 2 (rotating mirror) and 5 (rotating probe de- 
vice) sections, a sonolucent wall thickening was falsely 
described by ultrasound as plaque, which was not pres- 
ent on histologic examination (specificity not signifi- 
cantly different). 

Plaque thickness was 1.06 + 0.34 mm (histology), 
0.98 + 0.19 mm (rotating mirror device) and 1.06 + 0.34 
mm (rotating probe device). A relation between ultra- 
sound and histology was found only for the rotating mir- 
ror system (Figure 7). 


DISCUSSION 

A comparison between mechanical ultrasound de- 
vices working with different technical principles has not 
been systematically performed in vitro in studies of cor- 
onary arteries. With the rotating mirror system, a good 
correlation between intravascular ultrasound and histol- 
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ogy or the E of lumen area was found 
(r = 0.88). These results are in agreement with the re- 
sults reported by Potkin* and Tobis! and their co-work- 
ers who used an alternative 5Fr ultrasound system based 
on the same principle (r= 0.85 and 0.88, respectively). 
In contrast, for the rotating transducer system the corre- 
lation between ultrasound and histology was significant- 
ly lower in our study. The superiority of the rotating mir- 
ror system for determination of luminal dimensions in 
small coronary arteries underlines the better perfor- 
mance in the near field. This may be due to a smaller 
ringdown diameter (2 vs 2.6 mm), which is be achieved 
by an extention of the distance between transducer and 
the visualized object using a reflecting mirror. In con- 
trast to several in vitro studies performed in peripheral 
arteries,’ only a weak relation between ultrasound and 
histology was found for determination of wall thickness. 
However, none of the cited studies reported wall thick- 
ness measurements in vessels of such small dimensions. 
Subgroup analysis of the larger diameter vessels showed 
a relation between ultrasound and morphometry with the 
rotating mirror device comparable to the data of Gussen- 
hover? and Mallery? and their co-workers. We conclude 
that the results for vessel wall measurements in smaller 
vessels are due to the poor image quality of the ultra- 
sound catheters in the near field. Furthermore, in all of 
the cited studies the vessel wall was isolated from the 
surrounding soft tissue (which facilitates determination 
of wall thickness), whereas in our study the surround- 
ing soft tissue was preserved. 

Plaque detection was possible in partially or totally 
calcified plaques, with a high accuracy by both systems, 
in agreement with the study of Potkin et al.* In contrast, 
recognition of fibrous plaques was limited especially 
with the rotating probe system. This may be due to the 
resolution capabilities, which currently cannot provide 
an accurate differentiation. of isoechogenic structures. 
Again, the better performance of the rotating mirror 
device in the near field may contribute to the consider- 
ably better plaque detection with this system. False 
assumption or quantification of plaques can be explained 
by a tangential course of the ultrasound beam across the 
vessel wall, which can simulate isoechogenic wall thick- 
ening. The reason for the underestimation of wall and 
plaque thickness in the current study may be the dorsal 
shadowing of calcified or heavily fibrotic plaque, which 
limits the definition of the outer border of the ves- 
se]. 1-4.6.7,9, 10 

No systematic studies on the impact of contrast me- 
dium for exact definition of luminal borders and, thus, 
visualization of luminal area have been reported. As 
demonstrated in this investigation, application of contrast 
medium allowed determination of lumen area in 3 and 
16% of segments using the rotating mirror and rotating 
. probe device, respectively, and improved quantitative 
— measurements with both devices in 48 and 77% of all 
." segments, respectively. Even in larger vessels an im- 
provement of image quality could be achieved for both 
systems. Subgroup analysis, however, revealed that the 
effect of contrast dye was most pronounced in small di- 
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ameter vessels. Furthermore, this better imaging quality 


in the near field may be very beneficial in assessing 
intraluminal structures. 

Study limitations: We found a slight overestimation 
of vessel lumen by intravascular ultrasound, the effect 
of which may be due to shrinkage by tissue processing. 
Siegel et al'? also reported a smaller lumen on histologic 
examination when comparing fresh tissue specimen be- 
fore and after tissue processing (mean difference 26%). 
Furthermore, for different plaque types, varying shrink- 
age in plaques directly proportional to their water con- 
tent was observed in various morphometric studies. !™?! 
There was a significantly higher tendency toward over- 
estimation of lumen area, especially in vessels with a 
small lumen, which may be explained by circular 
stretching by the catheter. 

Conclusions: There are considerable differences in 
the accuracy of ultrasound measurements between me- 
chanical systems. Nevertheless, additional application of 
contrast dye can improve accuracy of luminal measure- 
ments, especially in smaller vessels. 


REFERENCES 

1. Tobis JM, Mallery JA, Gessert J, Griffith J, Mahon D, Bessen M, Moriuchi M, 
McLeay L, McRae M, Henry WL. Intravascular ultrasound cross-sectional arterial 
imaging before and after balloon angioplasty in vitro. Circulation 1989; 80:873- 
882, 

2. Tobis JM, Mallery JA, Mahon D, Lehmann K, Zalesky P, Griffith J, Gessert J, 
Moriuchi M, Mc Rae M, Dwyer ML, Greep N, Henry WL. Intravascular ultra- 
sound imaging of human coronary arteries in vivo -— analysis of tissue char- 


acterization with comparison to in vitro histological specimens. Circulation 


1991:83:913-926. 

3. Nishimura RA, Edwards WD, Wames CA, Reeder GS, Holmes DR, Tajik AJ, 
Yock PG. Intravascular ultrasound imaging: in vitro validation and pathologic cor- 
relation. J Am Coll Cardiol 1990;16:145—154. 

4. Potkin BN, Bartorelli AL, Gessert JM, Neville RF, Almagor Y, Roberts WC, 
Leon MB, Coronary artery imaging with intravascular high frequency ultrasound. 
Circulation 1990:81:1575—15885. 

5. Gussenhoven EJ, Essed CE, Lancee CT, Mastik F, Frietman P, Van Egmond 
FCm. Reiber J, Bosch H, Van Hurk H, Roelandt J, Bom N. Arterial wall charac- 
teristics determined by intravascular imaging: an in vitro study. J Am Coll Cardi- 
al 1989:14:947-942, 

6. Nissen SE, Grines CL, Gurley JC, Sublett K, Haynie D, Diaz C, Booth DC, 
DeMaria AN, Application of a new phased-array ultrasound imaging catheter in the 
assessment of vascular dimensions: in vivo comparison to cineangiography. Circu- 
lation 1990:81:660--666. 

7. Nissen SE, Gurley JC. Application of intravascular ultrasound for detection and. 
quantification of coronary arteriosclerosis. /nt J Cardiac Imaging 1991:6:165-177. 
8. St. Goar F. Pinto FJ, Alderman EL, Fitzgerald PJ, Stadius ML, Popp RL. Intravas- 
cular ultrasound imaging of angiographically normal coronary arteries: An in vivo 
comparison with quantitative angiography. J Am Coll Cardiol 1991;18:952-958. 
9. Mallery JA, Tobis JM, Griffith J, Gessert J, McRae M, Moussabeck O, Bessen 
M, Moriuchi M, Henry WL. Assessment of normal and arteriosclerotic arterial wall 
thickness with an intravascular ultrasound imaging catheter. Am Heart J 1990; 
6:1392—-1499, 

10. Nissen SE, Gurley JC, Grines CL, Booth DC, McClure R, Berk M, Fischer 
C, DeMaria AN. Intravascular ultrasound assessment of lumen size and wall mor- 
phology in normal subjects and patients with coronary artery disease. Circulation 
1991:84: 1087-1099, 

11. Borst C, Savalle LH, Smits PC, Post MJ, Gussenhoven WJ, Bom N, Imaging 
of post-mortem coronary arteries by 30 MHz intravascular ultrasound. Int J Car- 
diac Imaging 1991,6:239246. 

12. Isner JM, Rosenfield K, Losordo DW, Rose L, Langevin RE, Razvi S, Kosovsky 
BD. Combination balloon-ultrasound imaging for percutaneous transluminal angio- 
plasty. Validation of imaging, analysis of recoil and identification of plaque frac- 
ture. Circulation 1991:84:739—754. 

13. Neville JR, Yasuhara H, Watanabe BI, Canady J, Durán W, Hobson RW. 
Endovascular management of arterial intimal defects: an experimental comparison 
by arteriography, angioscopy and intravascular ultrasonography. / Vase Surg 
1991:13:496—502. 

14. Yock PG, Fitzgerald PJ, Sudhir K, Linker DT, White W, Ports A. Intravas- 
















‘Histopat da atin of. angioscopy and intravascular aiioa: Circulation 
1991; 84: 109-1 17. 








rays. P | Gerritsen P, Piscine H, Bom N Intravascular icai a assess- 
ment of vessel wall characteristics: correlation with hi: 
ing 1989:4:105-116. 

17. Rosenfield K, Losordo DW, Ramaswami K, Pastore JO, Langevin RE, Razvi 
S, Kosowsky. BD, Isner JM. Three-dimensional: reconstruction of human coronary 
and peripheral erteries from images recorded during: two-dimensional intravascular 























































nary arteries relevant to echocardiographic techniques. . : 
232-252. 
19. Siegel RJ, Swan K, Edwakls G, Fishbein MC. Limitations of postmortem assess- 
ment of human coronary artery size and luminal narrowing: differential effects of | 
tissue fixation and processing on vessels with different degrees of arte riosclerosis. - 
J Am Coll Cardiol 1985;5:342-346., 
20. Stowell RE. Effect on tissue volume of various methods of fixation, dehydra: 
tion and embedding. Stain Tech 1941,16:67-83, 
21. Baker JR. The reactions of fixatives with tissue cells. Methods of research. In: 
Principles of Biological Microtechnique. London: Methuen, 1958:76-88. 

















VERAS 




























CTION DISTURBANCES 


eft ‘Atrial Appendage Flow Veloc 
issessment Using Transesophag 
f cardiography in Nonrheumatic Atrial 
Fibrillation and Systemic Embolism 










Patrick M. J. Verhorst, MD, Otto Kamp, MD, Cees A. Visser, MD, 
and Freek W. A. Verheugt, MD 


Fifty-four patients with nonrheumatic atrial fibril- 


lation (AF) were studied: 16 patients with (group 
lI) and 38 patients without (group Il) documented 
systemic embolism. Transesophageal echocar- 
diography (TEE) was performed to evaluate the 
presence of left. atrial (LA) appendage thrombus 
and LA spontaneous contrast, LA size, systolic 
and diastolic peak velocity of the left pulmonary 
vein, and forward and backward peak velocity of 
the LA appendage. No difference was observed 
in the presence of LA thrombus between the 2 
groups. The occurrence of LA spontaneous con- 
trast was significantly (p = 0.01) higher in the 
group with embolism. LA size, measured by atrial 
length (4.96 + 0.84 vs 4.79 + 1.38 cm; p = NS) 
and atrial width (4.50 + 0.96 vs 4.31 + 1.24 cm; 
p = NS), was the same for both groups and thus 
not associated with embolism. There was no dif- 
ference in systolic peak velocity (0.39 -- 0.22 vs 
0.44 + 0.22 m/s: p = NS), and a trend toward a 
higher diastolic peak velocity (0.50 + 0.17 vs 
0.42 + 0.15 m/s; p = 0.08) was seen in the left 
pulmonary vein ii: the group with embolism. For- 
ward (0.25 + 0.19 vs 0.39 + 0.23 m/s; p «0.05) 
and backward (0.23 + 0.15 vs 0.33 + 0.16 m/s; 
p «0.05) peak veiocities of the LA appendage 
were significantly lower in the embolism group. 
Assessment of LÀ appendage flow velocity may 
potentially identify patients with nonrheumatic 
AF at high risk for systemic embolism. 

(Am J Cardiol 1993;71:192-196) 
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ystemic embolism is a well-known potential 
complication in patients with atrial fibrillation 

J (AF). ? Emboli may occur from thrombi forming 
within the left atrium and left atrial (LA) appendage.^^* 
Transesophageal echocardiography (TEE) has proven to 
be a superior technique in imaging the left atrium and — 
LA appendage” We performed TEE to identify 
patients with nonrheumatic AF at (higher) risk of sys- 
temic embolism. 





METHODS 

Study patients: From February | to December |, 
1990, 54 patients with nonrheumatic AF were studied: 
they were classified into 2 groups: Group I consisted of 
l6 patients admitted because of a suspected systemic 
embolism, 14 patients with stroke and 2 patients with — 
peripheral embolism documented by computer tomog- 
raphy scan or angiography, or both. Group H, the con- 
trol group, consisted of 38 patients without previous sys- 
temic embolism, who were first seen in our heart emer- 
gency room with complaints of palpitations or chest 
discomfort, or both. All patients had electrocardio- 
graphically documented AF on admission. Patients with 
à mitral stenosis or a prosthetic heart valve were exclud- 
ed. 

Transesophageal echocardiographic study: TEE 
was performed within 48 hours after admission with a 
Hewlett-Packard ultrasonograph (HP 77020 AC) with a 
5 MHz phased-array single-plane transesophageal trans-- 
ducer. Parameters evaluated by TEE were the presence 
of LA appendage thrombus, LA spontaneous contrast, 
LA size (length and width), and systolic and diastolic 
peak velocity of the left pulmonary vein, and forward 
and backward peak velocity of the LA appendage. The 
LA cavity and LA appendage were adequately visual- 
ized by TEE, and 2 independent observers evaluated the 
presence of LA appendage thrombus or LÀ spontaneous 
contrast, or both. LA size was measured and analyzed 
in the 4-chamber view in end-systole.’ Velocities of pul- 
monary venous flow? and LA appendage flow were 
obtamed using pulsed Doppler with the lowest possible 
filter setting (5 or 10 cm/s). They were registered in the 
direction of the flow within an angle of 30° with the 
transducer, optimal alignment was thus assessed using 
simultaneous color flow imaging. Pulmonary venous 
flow velocity measurements were obtained with the sam- 
ple volume placed in the left upper pulmonary vein 25 












. dum from the origin of the pulmonary - vein into the left 
atrium (Figure 1). The sample ` volume was placed in the 
LA appendage, just below the basis of the appendage, 
to obtain LA appendage flow velocity measurements 
(Figure 1). Measurements of the left pulmonary venous 
flow velocity and LA appendage flow velocity were 
recorded on a strip chart recorder at 50 and 100 mm/s, 
respectively. Mean values of the peak systolic and dias- 
tolic velocities of the left pulmonary vein flow, and peak 
forward and backward velocities of LA appendage flow 
were obtained in 3 consecutive cardiac cycles in patients 
with sinus rhythm and in 10 cardiac cycles in patients 
with AF at the time of TEE. 
Statistics: Statistical analysis was performed by 
. using the Student's ¢ test (p values) for continuous vari- 
-ables and the chi-square test to compare groups on the 
~ basis of categorical variables. Results are expressed as 


- mean + SD. 


RESULTS 
Patient characteristics: The baseline clinical 
characteristics including age, gender, duration and etiol- 
. ogy of AF were similar in both groups (Table I). 


| TABLE I Patient Characteristics and Outcome of 
Transesophageal Echocardiography 


Group | 
With 
Embolism 
(n= 16) 


Group Il 

Without 
Embolism p 
(n = 38) Value 


Demographics 
Mean age (year) 
Men/women 
CAD 
Systemic hyper- 

tension 
Valvular heart 
disease 
Hyperthyroidism 
Other diseases 
Lone AF 
Duration of AF 
(mos) 
Paroxysmal AF 
Prior aspirin 
Prior anticoagu- 
lant 

Variables 
LA thrombus 
LA spontaneous 

contrast 
LA length (cm) 
LA width (cm) 
Systolic peak ve- 
locity pulmo- 
nary vein (m/s) 
Diastolic peak 
velocity pulmo- 
nary vein (m/s) 
Forward peak 
velocity LA ap- 
pendage (m/s) 
Backward peak 
velocity LA ap- 
pendage (m/s) 


1 (6%) 0 
6 (3876) 2 (576) 


4.96 x 0.84 
4.50 x 0.96 
0.39 x 0.22 


4.79 x 1.38 
4,31 x 1.24 
0.44 x 0.22 


0.50 + 0.17 0.42 + 0.15 0.08 


0.25 x 0.19 0.39 2 0:23 < 0.05 


0.23 x 0.15 0.33 + 0.16 « 0.05 


AF = atrial fibrillation; CAD = coronary artery disease; LA = left atrial. 
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of TEE examination, E patients hac AF 23 had 
sinus rhythm. The outcome of TEE is resented in 1 Table 

I. We observed no difference in the presence of LA 
thrombus between the 2 groups. The occurrence of LA 
spontaneous contrast was significantly (p=0. 01) higher 
in the group with than without embolism. LA size was 
the same for both groups and thus not associated with 
embolism. There was no difference in systolic peak ve- 
locity, and we found a trend (p = 0.08) for a higher dias- 
tolic peak velocity of the left pulmonary vein in the 
group with embolism. LA appendage peak flow veloci- 
ties were significantly (p «0.05) associated with system- 
ic embolism in patients with nonrheumatic AE. When 
categorizing patients by cardiac rhythm during TEE in 
patients with AF and sinus rhythm, only a trend for 
lower appendage peak flow velocities was observed in 
the embolism group (Figure 2). 


DISCUSSION 

AF is a common disease; its prevalence increases 
with age.'*3° It is associated with a high risk of system- 
ic embolism (annual incidence 5.596).!7.? Apart from 
the often dramatic morbidity and mortality, systemic 
embolism has a great impact on our society. With a 
growing elderly population the incidence of systemic 
embolism will increase correspondingly, making it a 
matter of urgent concern in the near future. 

Before the results of recent studies, there was the 
dilemma of antithrombotic treatment, weighing the re- 
duced risk embolism against the increased risk of bleed- 
ing. There is enough evidence that patients with AF ben- 
efit from antithrombotic treatment, which significantly 
reduces the risk of embolism with only a few bleeding 
complications. !-^ Thus far, warfarin appears preferable 
to aspirin despite the low but still persistent risk of 
bleeding. 


FIGURE 1. Transverse view. Ao = ‘aorta; LAA = left atrial 
appendage (*sample volume); LUPV = left upper pulmona 
vein (*sample volume); PV = pulmonary vaive; RUPV = 

upper pulmonary vein; SVC = superior vena cava. 























objective and measurable laboratory test is need- 
ed to predict a low or high risk of embolism in patients 
with AF Echocardiography, and especially the transe- 
ophageal approach, may provide such a test. 
Naturally, the presence of LA appendage thrombus 
increases the likelihood of a cardiac origin. In one study 
of 1I patients with nonrheumatic AF and an embolus, 4 
patients (36%) had LA thrombus.'° We observed only | 
patient (6%) with LA thrombus. 
LA spontaneous contrast 1s experimentally and clini- 
cally related to low flow rates. A recent study demon- 
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epum of rabon bol ix in patients with non- 


valvular AE!6 In this study, we found significantly more 
cases of LA spontaneous contrast in patients with 
embolism. 

LA enlargement is associated with AF by the fact 
that AF probably contributes to LA enlargement rather 
than being caused by it.®!” Previous studies regarding 
the predictive value of LA enlargement for embolism 
have not been conclusive.!9 5 However, a recent large, 
prospective study showed that LA size was significant- 
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FIGURE 2. Left atrial appendage flow velocity (m/s) related to absence (-) or presence (+) of systemic embolus. 
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FIGURE 3. Doppler echocardiogram of left atrial appendage in a patient with sinus rhythm. Biphasic flow corresponds with 
contraction and relaxation of the left atrial appendage after the P wave. 
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velocity 


FIGURE 4. Doppler echocardiogram of left atrial appendage in a patient with atrial fibrillation. The flow signal displays a 
sawtooth appearance, and the peak flow velocity is reduced compared with velocity during sinus rhythm. 


ly related to the incidence of embolism.!? In our small 
study we could not demonstrate a significant difference. 

Pulmonary venous flow velocity is a reflection of the 
pressure gradient between the pulmonary veins and the 
left atrium. Atrial relaxation is one of the factors re- 
sponsible for systolic forward flow. Diastolic forward 
flow reflects the transmitral filling pattern. In the absence 
of atrial contraction, as in AF, forward flow is still pre- 
sent, although of lower velocity than diastolic forward 
flow.” Velocity measurement of pulmonary venous flow, 
especially systolic peak velocity, might be able to pre- 
.. dict mean pressure.” In the group with embolism, there 
was only a tendency for a higher diastolic peak veloci- 
ty. 

Examination of the outlet of the LA appendage pro- 
vided information about emptying (forward peak veloci- 
ty) and filling (backward peak velocity) of the LA ap- 
pendage. In sinus rhythm, a biphasic flow pattern repre- 
senting LA  appendage contraction and relaxation 
followed the P wave on the electrocardiogram (Figure 
3). In AF, a sawtooth appearance was seen throughout 
the cardiac cycle with lower forward and backward ve- 
locities (Figure 4). A small study demonstrated the val- 
ue of assessing thrombogenesis in the LA appendage by 

analysis of blood flow velocities in the LA appendage. 
Peak flow velocity was significantly less in patients with 
“nonrheumatic AF and a cerebral infarction, compared 
with patients with no cerebral infarction (p <0.05).2! We 
confirmed these results in our study, finding significantly 
lower forward and backward peak flow velocities in the 
LA appendage in patients with nonrheumatic AF and 
systemic embolism, compared with patients without 
embolism. A recent study found that LA appendage 
thrombus formation is associated with LA appendage 
contraction and dilatation.” 

Study limitations: A problem with studying sys- 
temic embolism of cardiac origin is that the diagnosis 
itself is notoriously difficult. This might explain the 
rather large standard deviation due to the inclusion of 
patients without embolism of cardiac origin. 





TRANSESOPHAGEAL ECHOCARDIOGRAPHY IN ATRIAL FIBRILLATION. 


With regard to LA spontaneous contrast, we are 
aware that its value is limited by the fact that its day- 
to-day occurrence is not known, and that the accuracy 
of the diagnosis is influenced by transducer gain-setting 
and interobserver variability. 

Another limitation is the fact that the study group 
was too small to perform multivariant analysis in order 
to observe independent predictive parameters and to find 
a cutoff point in LA appendage flow velocity to distin- 
guish between patients with and without embolism. 
Studies with a larger group size will probably provide 
that information. 

Clinical implications: AF is a common disease 
associated with high risk of embolism, which can be 
significantly reduced by antithrombotic treatment, espe- 
cially warfarin. Identifying how embolism occurs and 
knowing what precipitates it has important implications 
for its treatment and prevention. Such identification 
would make it possible to define subgroups of patients 
at high or low risk, needing more or less aggressive ther- 
apy. 

LA spontaneous contrast, and more particularly the 
objective and measurable LA appendage peak flow ve- 
locity may be used to identify patients with AF prone 
to systemic embolism. Using these parameters, one can 
define high- and low-risk groups to be randomized for 
treatment with warfarin versus aspirin. This requires fur- 
ther study in large prospective trials. 
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NORVASC, a new calcium channel blocker (CCB), 
provides effective yet gentle 24-hour control with intrinsic 
once-daily dosing FOR HYPERTENSION OR ANGINA’ 


Gradual onset of action and minimal adverse effects 
* No clinically significant effects on heart rate’ 
* Neutral effect on lipids; no impairment of normal renal function 


* Well tolerated: only 1.5% of patients in placebo-controlled trials 
(n=1730) discontinued NORVASC therapy due to adverse effects' 


* Has been used safely in patients with concomitant diseases 


— Chronic obstructive pulmonary disease, well-compensated Class I-I 
congestive heart failure (CHF),* peripheral vascular disease, diabetes 
mellitus, and abnormal lipid profiles ` 

*Therapy should be initiated with caution. See PRECAUTIONS section of brief summary. 


Intrinsic once-daily dosing 


* The usual starting dose is 5 mg in angina or hypertension 
—In hypertension, small, fragile, or elderly individuals or patients with 
hepatic insufficiency may be started on 2.5 mg once daily 
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Mean systolic blood pressure (BP) over 
24 hours (week 4 data)’ 
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Results of a double-blind, randomized, parallel, placebo-controlled study of 
NORVASC on ambulatory BP in 15 evaluable hypertensive patients (diastolic BP 
range: 95 to 114 mm Hg): 10 on NORVASC, 5 on placebo. A 4-week, single- 
blind, placebo run-in period was followed by 4 weeks of double-blind therapy 
Ambulatory BP was measured for 24 hours at the end of the placebo run-in 
phase and after double-blind therapy. (Data on file. ') 


* Average of mean BP values over 24 hours at week 4 versus baseline averages 
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(week 4 data)’ 


100 











S 


co 
e 


Diastolic BP (mm Hg) 








== Baseline 
=== NORVASC (n=10) 








4-8 8-12 12-4AM 4-8AM 
Time of day 


(Data on file.") 
* Average of mean BP values over 24 hours at week 4 versus baseline averages. 
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New NORVASC Acts DIRECTLY ON VASCULAR 


SMOOTH MUSCLE, REDUCING BLOOD PRESSURE 
WITHOUT DISTURBING HEART RATE 
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New, once-daily NORVASC provides effective yet gentle 
24-hour control of hypertension with a gradual onset 
of action' 


* Effective for mild, moderate, and severe hypertension' 
* Effective in white, black, young, or old patients 


* Over 80% of patients responding to NORVASC are 
controlled on 5 mg! 
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Excellent tolerability 


* 92% of patients remained on NORVASC for 1 year in a 
long-term study 


* No clinically significant effects on heart rate' or cardiac 
conduction '; no negative inotropic effects at clinical doses 
in hemodynamic studies; even when administered with 
beta blockers to humans' 


* No adverse effect on lipid levels’ 


* No adjustment in the starting dose is required for patients 
with renal dysfunction, even those on hemodialysis* 


' Similar hemodynamic findings, however, have been observed with agents possessing significant 
negative inotropic effects. 
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Digital subtraction angiography of the heart 
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= Change in symptom -limited exercise 
time measured 24 hours postdose' 
12 p=0.0001* 



















* vs placebo 






p=0.01* 


Percent change in total 
symptom-limited exercise time 






5 mg 10 mg 
(n=101) NORVASC (n=301) 
m Data from eight placebo-controlled, double-blind, randomized studies of the 
effect of NORVASC on symptom-limited exercise time. All studies included a 
M] 2-week, single-blind, placebo run-in period. The eight studies included five 
monotherapy trials and three add-on therapy trials. Treatment ranged from 
4 to 6 weeks. Placebo group (n=297) had a 2.1% increase in symptom-limited 
exercise time. Exercise time at baseline: placebo, 480 sec; 5 mg, 523 sec; 

10 mg, 493 sec. (Data on file.') 
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Results of a double-blind, placebo-controlled, parallel-dose response, 
multicenter trial in 134 stable exertional angina patients. Patients received beta- 
blocker therapy for at least 4 weeks prior to entry. After a 2-week, single-blind, 
placebo run-in period with uninterrupted beta-blocker treatment, patients were 
randomized to receive NORVASC (2.5, 5, or 10 mg qd) or placebo for a 
4-week treatment period. Data are presented for combined NORVASC groups 
(5 and 10 mg only) (n=67 patients entered) and placebo (n=34). Baseline 
values (NORVASC vs placebo)—symptom-limited exercise time (seconds) 

918 (n=64) vs 498; angina onset: 400 (n=61) vs 368; time to 1-mm ST-segment 
depression: 457 (n=29) vs 440 (n=15). (Data on file.) 

'Caution should be used in patients with heart failure who are receiving known 
cardiodepressants such as beta blockers in combination with NORVASC 
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New, once-daily NORVASC provides 24-hour angina 
protection, including the morning hours’ 





* Effective for stable exertional angina 
* Effective for vasospastic angina 
* Effective alone or in combination with beta blockers 
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Well tolerated — minimal adverse effects 


* No clinically significant effect on heart rate! or cardiac 
conduction' 


* No negative inotropic effects at clinical doses in 
hemodynamic studies; even when administered with 
beta blockers to humans! 


* No drug interaction with digoxin, warfarin, or cimetidine’ 


‘Similar hemodynamic findings, however, have been observed with agents possessing significant 
negative inotropic effects. 
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Dose- related side effects 


Well tolerated: only 1.5% of patients 





in placebo-controlled trials (n=1730) | NORVASC (%) | 
discontinued NORVASC due to adverse | Adverse | Smg | 10mg 

event | (n-296) | (n-268) 
effects’ | 





Dizziness 


Flushing | | 


Palpitation 














Caution should be exercised when 
using CCBs in any patient with heart failure 


— In a double-blind study of 118 patients with mild to moderate CHE NORVASC did not adversely 
affect cardiac function in patients with impaired LV function (LV ejection fraction «4090)' 


Exercise tolerance at 8 weeks * Patients with symptomatic improvement* 
-——— p=0.037 ——34 
60 m= p<0.05 








Mean change in 
total exercise time (s) 
Patients (%) with 
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placebo (n-60) NORVASC (5-58) placebo (n-60) NORVASC (n-58) 
* digoxin, diuretics * digoxin, diuretics * digoxin, diuretics * digoxin, diuretics 
with/without with/without with/without with/without 
ACE inhibitors ACE inhibitors ACE inhibitors ACE inhibitors 


Results of a randomized, multicenter, double-blind, placebo-controllec trial of NORVASC in 118 patients with well-compensated CHF. All had New York Heart Association 
(NYHA) Class Il or Ill symptoms, with LV ejection fractions « 40% (averaging 25%"). NORVASC dose: 10 mg qd. Patients were already on therapy with digoxin and diuretics 
and 80 patients were also taking angiotensin-converting enzyme (ACE) inhibitors. (Adapted from Packer M et al, J Am Coll Cardiol, 1991.) CHF patients did not have active 
angina or hypertension at the time of the study. Baseline exercise values: NORVASC, 570 sec; placebo, 613 sec. Symptomatology rating based on investigators’ subjective 
global assessment. (Data on file.') 





— [n this study, NORVASC did not increase plasma norepinephrine levels and ejection 
fraction did not change" 


— Studies in patients with NYHA Class IV heart failure have not been performed 


— NORVASC therapy, despite these findings, should be used with caution in patients with heart 
failure until safety in these patients can be confirmed with additional clinical experience 
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DOSING 


Intrinsic once-daily dosing 


* The usual starting dose is 5 mg in angina 
or hypertension 
—In hypertension, small, fragile, or elderly individuals 
or patients with hepatic insufficiency may be started 
on 2.5 mg once daily 


* Titration can proceed to 10 mg 
—Most angina patients will require 10 mg 


* Can be taken with or without food 





NEW, ONCE-DAILY 5-mg and 10-mg tablets 
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treatment of mild hypertension study: a randomized, placebo-controlled trial of a nutritional-hygienic regimen along with 
various drug monotherapies. Arch Intern Med. 1991;151:1413-1423. 3. Doyle GD, Donohue J, Carmody M, Laher M, 
Greb H, Volz M. Pharmacokinetics of amlodipine in renal impairment. Eur J Clin Pharmacol. 1989;36:205-208. 4. Packer 
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Brief Summary 
NORVASC ® (amlodipine besylate) Tablets 

For Oral Use 

CONTRAINDICATIONS: NORVASC is contraindicated in patients with known sensitivity to amlodipine. 

WARNINGS: Increased Angina and/or Myocardial Infarction: Rarely, patients, particularly those with severe 
obstructive coronary artery disease, have developed documented increased frequency, duration and/or severity of 
angina or acute myocardial infarction on starting calcium channel blocker therapy or at the time of dosage increase. 
The mechanism of this effect has not been elucidated. 

PRECAUTIONS: General: Since the vasodilation induced by NORVASC is gradual in onset, acute hypotension has 
rarely been reported after oral administration of NORVASC. Nonetheless, caution should be exercised when admin- 
istering NORVASC as with any other peripheral vasodilator particularly in patients with severe aortic stenosis. 

Use in Patients with Congestive Heart Failure: Although hemodynamic studies and a controlled trial in NYHA Class Il- 
Ill heart failure patients have shown that NORVASC did not lead to clinical deterioration as measured by exercise toler- 
ance, left ventricular ejection fraction, and clinical symptomatology, studies have not been performed in patients with 
Mis Class IV heart failure. In general, all calcium channel blockers should be used with caution in patients with heart 
ailure. 

Beta-Blocker Withdrawal: NORVASC is not a beta-blocker and therefore gives no protection against the dangers of 
abrupt beta-blocker withdrawal; any such withdrawal should be by gradual reduction of the dose of the beta-blocker. 
Patients with Hepatic Failure: Since NORVASC is extensively metabolized by the liver and the plasma elimination half- 
life (t 4) is 56 hours in patients with impaired hepatic function, caution should be exercised when administering 
NORVASC to patients with severe hepatic impairment. 

: In vitro data in human plasma indicate that NORVASC has no effect on the protein binding of drugs 
tested (digoxin, phenytoin, warfarin, and indomethacin). Special studies have indicated that the co-administration of 
NORVASC with digoxin did not change serum digoxin levels or digoxin renal clearance in normal volunteers; that co- 
administration with cimetidine did not alter the pharmacokinetics of amlodipine; and that co-administration with warfarin 
did not change the warfarin prothrombin response time. 

In clinical trials, NORVASC has been safely administered with thiazide diuretics, beta-blockers, angiotensin 
converting enzyme inhibitors, long-acting nitrates, sublingual nitroglycerin, digoxin, warfarin, non-steroidal anti- 
inflammatory drugs, antibiotics, and oral hypoglycemic drugs, 

Drug/Laboratory Test Interactions: None known. 

Carcinogenesis, , Impairment of Fertility: Rats and mice treated with amlodipine in the diet for two years, 
at concentrations calculated to provide daily dosage levels of 0.5, 1.25, and 2.5 mg/kg/day showed no evidence of 
Carcinogenicity. The highest dose (for mice, similar to, and for rats twice* the maximum recommended clinical dose of 
10 mg on a mg/m? basis), was close to the maximum tolerated dose for mice but not for rats, 

Mutagenicity studies revealed no drug related effects at either the gene or chromosome levels. 

There was no effect on the fertility of rats treated with amlodipine (males for 64 days and females 14 days prior to 
mating) at doses up to 10 mg/kg/day (8 times* the maximum recommended human dose of 10 mg on a mg/m? basis). 

C: No evidence of teratogenicity or other embryo/fetal toxicity was found when pregnant rats or 
rabbits were treated orally with up to 10 mg/kg amiodipine (respectively 8 times* and 23 times* the maximum recom- 
mended human dose of 10 mg on a mg/m? basis) during their respective periods of major organogenesis. However, litter 
size was significantly decreased (by about 50%) and the number of intrauterine deaths was significantly increased 
(about 5-fold) in rats administered 10 mg/kg amlodipine for 14 days before mating and throughout mating and gestation. 
Amlodipine has been shown to prolong both the gestation period and the duration of labor in rats at this dose. There are 
no adequate and well-controlled studies in pregnant women. Amlodipine should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus 
Nursing Mothers: It is not known whether amlodipine is excreted in human milk. In the absence of this information, it is 
recommended that nursing be discontinued while NORVASC is administered. 

Pediatric Use: Safety and effectiveness of NORVASC in children have not been established. 

ADVERSE REACTIONS: NORVASC has been evaluated for safety in more than 11,000 patients in U.S. and foreign 
Clinical trials. In general, treatment with NORVASC was well-tolerated at doses up to 10 mg daily. Most adverse reactions 
reported during therapy with NORVASC were of mild or moderate severity. In controlled clinical trials directly comparing 
NORVASC (N =1730) in doses up to 10 mg to placebo (N 21250), discontinuation of NORVASC due to adverse reactions 
was required in only about 1.5% of patients and was not significantly different from placebo (about 1%). The most 
common side effects are headache and edema. The incidence (%) of side effects which occurred in a dose related 
manner are as follows: edema (1.8% at 2.5 mg, 3.0% at 5.0 mg, and 10.8% at 10.0 mg, compared with 0.6% placebo); 
dizziness (1.1% at 2.5 mg, 3.4% at 5.0 mg, and 3.4% at 10.0 mg, compared with 1.5% placebo); flushing (0.7% at 

2.5 mg, 1.4% at 5.0 mg, and 2.6% at 10.0 mg, compared with 0.0% placebo); and palpitation (0.7% at 2.5 mg, 1.4% at 
5.0 mg, and 4.5% at 10.0 mg, compared with 0.6% placebo). 


Pfizer, Pfizer Labs 


Other adverse experiences which were not clearly dose related but which were reported with an incidence greater 
than 1.0% in placebo-controlled clinical trials include the following: headache (7.3%, compared with 7.8% placebo); i 
fatigue (4.5%, compared with 2.8% placebo); nausea (2.9%, compared with 1.9% placebo); abdominal pain (1.6%, 4 
compared with 0.3% placebo); and somnolence (1.4%, compared with 0.6% placebo). 

For several adverse experiences that appear to be drug and dose related, there was a greater incidence in women 
than men associated with amlodipine treatment as follows: edema (5.6% in men, 14.6% in women, compared with a i 
-placebo incidence in men of 1.4% and 5.1% in women); flushing (1.5% in men, 4.5% in women, compared with a placebo 
incidence of 0.3% in men and 0.9% in women); palpitations (1.4% in men, 3.3% in women, compared with a placebo - 
incidence of 0.9% in men and 0.9% in women); and somnolence (1.3% in men, 1.6% in women, compared with a placebo E 
incidence of 0.8% in men and 0.3% in women). 

The following events occurred in <1% but 0.196 of patients in controlled clinical trials or under conditions of open 
trials or marketing experience where a causal relationship is uncertain; they are listed to alert the physician to a possible 
relationship: cardiovascular: arrhythmia, bradycardia, chest pain, hypotension, peripheral ischemia, syncope, tachy- 
cardia, postural dizziness, postural hypotension; central and nervous system: hypoesthesia, paresthesia, 
tremor, vertigo; gastrointestinal: anorexia, constipation, dyspepsia, ** dysphagia, diarrhea, flatulence, vomiting; general: 
asthenia,** back pain, hot flushes, malaise, pain, rigors, weight gain; musculo-skeletal system: arthralgia, arthrosis, 
muscle cramps,** myalgia; psychiatric: sexual dysfunction (male** and female), insomnia, nervousness, depression, 


abnormal dreams, anxiety, depersonalization; system: dyspnea, ** epistaxis; skin and 

pruritus,** rash,** rash erythematous, rash maculopapular; special senses: abnormal vision, conjunctivitis, diplopia, eye l 
pain, tinnitus; urinary system: micturition frequency, micturition disorder, nocturia; autonomic nervous system: dry n" 
mouth, sweating increased; metabolic and r 


nutritional: thirst; hemopoietic: purpura. T 
The following events occurred in <0.1% of patients: cardiac failure, pulse irregularity, extrasystoles, skin discoloration, * 
urticaria, skin dryness, alopecia, dermatitis, muscle weakness, twitching, ataxia, hypertonia, migraine, cold and clammy 
skin, apathy, agitation, amnesia, gastritis, increased appetite, loose stools, coughing, rhinitis, dysuria, polyuria, parosmia, 
taste perversion, abnormal visual accommodation, and xerophthalmia. 

Other reactions occurred sporadically in single patients and cannot be distinguished from concurrent disease states 
or medications. é 

NORVASC therapy has not been associated with clinically significant changes in routine laboratory tests. No clinically E 
relevant changes were noted in serum potassium, serum glucose, total triglycerides, total cholesterol, HDL cholesterol, * 
uric acid, blood urea nitrogen, creatinine or liver function tests. 

NORVASC has been used safely in patients with chronic obstructive pulmonary disease, well compensated 
congestive heart failure, peripheral vascular disease, diabetes mellitus, and abnormal lipid profiles. 

OVERDOSAGE: Single oral doses of 40 mg/kg and 100 mg/kg in mice and rats, respectively, caused deaths. A single 
oral dose of 4 mg/kg or higher in dogs caused a marked peripheral vasodilation and hypotension. 

Overdosage might be expected to cause excessive peripheral vasodilation with marked hypotension and possibly a 
reflex tachycardia. In humans, experience with intentional overdosage of NORVASC is limited. Reports of intentional : 
overdosage include a patient who ingested 250 mg and was asymptomatic and was not hospitalized; another (120 mg) a 
was hospitalized, underwent gastric lavage and remained normotensive; the third (105 mg) was hospitalized and had 
hypotension (90/50 mmHg) which normalized following plasma expansion. A patient who took 70 mg amlodipine andan —  . 
unknown quantity of benzodiazepine in a suicide attempt, developed shock which was refractory to treatment and died - Ta 
the following day with abnormally high benzodiazepine plasma concentration. A case of accidental drug overdose has — — 
been documented in a 19 month old male who ingested 30 mg amlodipine (about 2 mg/kg). During the emergency room 
presentation, vital signs were stable with no evidence of hypotension, but a heart rate of 180 bpm. Ipecac was x" 
administered 3.5 hours after ingestion and on subsequent observation (overnight) no sequelae were noted. te 

If massive overdose should occur, active cardiac and respiratory monitoring should be instituted. Frequent blood X 
pressure measurements are essential. Should hypotension occur, cardiovascular support including elevation of the 
extremities and the judicious administration of fluids should be initiated. If hypotension remains unresponsive to these p^! 
conservative measures, administration of vasopressors (such as phenylephrine), should be considered with attentionto = 
circulating volume and urine output. Intravenous calcium gluconate may help to reverse the effects of calcium entry 
blockade. As NORVASC is highly protein bound, hemodialysis is not likely to be of benefit. 










* Based on patient weight of 50 kg. e e 
**These events occurred in less than 1% in placebo controlled trials, but the incidence of these side effects was between 
1% and 2% in all multiple dose studies. x 
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c mparison of Biphasic and Monop 

Shocks for Defibrillation Using a 
Nonthoracotomy System 

D. George Wyse, MD, PhD, Katherine M. Kavanagh, MD, Anne M. Gillis, MD, 
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A comparison of defibrillation thresholds was 

made using biphasic and n i 
.. delivered by a nonthoracotomy lead system i in 2 
.. elinically distinct groups of patients. The first 

~ group were patients receiving an implantable 
cardioverter-defibrillator who were studied before 
surgery with their chests closed. The second 
group were patients undergoing coronary artery 
bypass grafting (CABG) who were studied before 
surgery with their chests open but reapproximat- 
ed. Biphasic defibrillation thresholds (stored 
energy) were significantly (p «0.001) less than 
monophasic ones in subjects with the implant- 
able cardioverter-defibrillator (12.3 + 5.3 vs 21.1 
. € 9.3 J) or CABG (14.6 + 7.1 vs 24.2 + 12.6 J). 
These values are less than were previously 
reported with a similar nonthoracotomy lead con- 
. figuration. There were no significant differences 
_ between the 2 groups in all measurements 
|. derived from corresponding shock waveforms, 
A although impedance tended to be greater in 
-patients with CABG. However, subjects with 
- -CABG had greater left ventricular ejecti 
^ -tions and did not have — of potentially 




















| Bus oecite weal have cen tL ie D ace 
of either group alone. It is concluded that 
patients with CABG who have not had. recet 
potentially lethal ventricular arrhythmias am 
a potential source of surrogate subjects for de- 
fibrillation research such as e dial mapping, 
which. requires that the chest be open. | 

(Am J Cardiol 1993;71:197-202) 
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subjects for defibrillation research.'? The use of this 










































he traditional source of human subjects for defi- 

brillation research is patients who are receiving 

an implantable cardioverter-detibrillator (ICD) 
after having a prior episode of potentially lethal ventric- 
ular tachyarrhythmia. The increasing use of nonthora- 
cotomy lead systems limits research instrumentation that 
requires an open chest (i.e., epicardial mapping). Surro- 
gate subjects for the latter type of defibrillation research 
may be useful. Patients undergoing electrosurgery for 
Wolff-Parkinson-White syndrome have been used as 


patient population has been questioned,* and the use of 
surgery in such patients has diminished with the in- 
creased use of radiofrequency catheter ablation. Patients 
undergoing coronary artery bypass grafting (CABG) 
may be considered as surrogate subjects for defibrilla- 
tion research. CABG is common, and 1 clinical trial is 
implanting ICDs in high-risk patients undergoing CABG 
who have not had a ventricular tachyarrhythmia.^ How- 
ever, the comparability of results of defibrillation 
research performed in such patients and that performed 
in ICD candidates with spontaneous ventricular tach- 
yarrhythmias has not been established. Accordingly, as 
part of an evaluation of the efficacy of transvenous 
monophasic and biphasic defibrillation shocks in 
humans, we also compared the results in closed-chest 
ICD patients and open-chest CABG patients. 


METHODS 
Patient selection: Patients undergoing ICD implan- 
tation without concomitant surgery constituted the first 
group, and those undergoing CABG without concomi- 
tant surgery constituted the second group. The latter. 
patients were excluded from the study if they had. left | 
main coronary artery disease or unstable angina in the 
month before surgery. With the specific approval of ea 
patient's cardiologist, cardiac surgeon and anesthetis 
patients gave written, informed consent. This study 
its consent form were approved by the local instituti 
al review board. The cardiac surgeon and anesthetis 
the option of withdrawing the patient from the stud 
intraoperatively if they were concerned regarding. th 
patient's clinical status. MUS 
Defibrillation threshold determination: All patient: 
were studied under general anesthesia, which genera 
included a short acting narcotic (fentanyl or sufentanil) 
a sedative (midazolam), a neuromuscular blocking agen 
(vecuronium, pancuronium or metocurine) and a vola 
anesthetic (enflurane, halothane or isoflurane). The 





BIPHASIC AND MONOPHASIC DEFIBRILLATION. 
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Clinical ^ — Presenting 
Diagnosis - Rhythm 


Age (yr) 


No. & Sex Weight (kg) LVEF Medications Monophasic Biphasic 








CABG, Open-Chest Group 






l 56M 88.5 — CAD — Diltiazem 37.8 22.6 
2 68M 97.0 0.72 CAD — Diltiazem 37.7 22.8 
3 65M 117,5 0.48 CAD -— Diltiazem 13.7 | 6.9 
4 54M 85.0 — CAD, MI — — 42.4 23.4 
5 57M 89.6 0.75 CAD — — 21.3 14.1 
6 69M 84.3 0.69 CAD, Mi — Nifedipine 28.1 16.9 
7 70F 54.8 0.48 CAD, MI — Diltiazem 14d - &8. 
8 69F 50.6 0.72 CAD — Nifedipine 11.5 5.7 
9 72M 69.2 0.72 CAD, MI — Propranolol 11.2 10.47 
Mean 81.8 + 20.9 0.65 + 0.12 1462 7t 






64 X7 24.2 m 12:6 : 






ICD, Closed-Chest Group 






























*p «0,05; tp «0.001, monophasic versus biphasic. 


infarction; VF = ventricular fibrillation; VI = ventricular tachycardia. 


were no differences in anesthetic use between the 2 
groups of patients. A Medtronic model 10284 transve- 
nous defibrillation catheter (electrode surface area 4.26 
. em?) was positioned with its tip at the right ventricular 
apex through a femoral vein. This electrode was the 
- cathode for the first pulse. A small R2 defibrillator skin 
patch (Critical Care Products Division, Darox Corpora- 
ion; electrode surface area 50.24 cm?) was positioned 
high (top edge, level with manubrial angle) in the left 
“axilla (center at midaxillary line) and was the anode for 
the first pulse. All shocks were delivered from a Med- 
tronic model 2394 defibrillator. Patients were randomly 
assigned to receive either a monophasic or biphasic 


START 


20J 
(580/200) 


35 25J 15J 
(620/230) 
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STOP 





U S 
30J 10J 
(710/250) (410/140) 





32.5J 27.5J 22.5J 17,54 12.5J 7.5J 2.5J 
(740/260) (680/240) (610/210) (540/190) (460/160) (350/120) (200/70) 
“| STOP STOP STOP STOP STOP STOP STOP 
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1 45F 59.0 0.55 HCM VF Verapamil 
2 78M 76.0 0.18 CAD, MI VT Amiodarone 10.1 5.1 
3 68M 72.0 0.20 CAD, MI VF — 26.9 13.4 
4 60M 68.0 0.32 CAD, MI VT — 23.2 18.3 
5 56M 67.0 0.22 CAD, MI VT — 18.6 11.1 
6 73M 72.0 0.34 CAD, MI VT — 10.5 2.6 
7 69M 72.0 0.26 CAD, MI VT — 37.7 15.8 
8 47M 73.4 0.29 CAD, MI VT Propranolol 22.5 14.2 
9 58M 65.0 0.30 IDCM VT — 8.4 8.8 
10 18F 63.3 0.72 ARVD VT c 26.5 16.4 
11 53M 83.5 O51 IDCM — — 26.9 13.7 
12 66M 67.5 0.24 CAD, MI VT — 30.4 19.8 
Mean 58 +16 69.9 + 6.4 0.34 + D. 1/* 21.2 € 93 12.3 £ 5.31 


ARVD = arrhythmogenic right ventricular dysplasia; CABG = coronary artery bypass grafting; CAD = coronary artery disease; DFT = defibrillation threshold, stored energy; HCM = 
hypertrophic cardiomyopathy; ICD = paman cardioverter-defibrillator; IDCM = ideopathic diated cardiomyopathy; LVEF = left ventricular ejection fraction; MI = myocardial | 





shock during the first episode of ventricular fibrillation. — 
A crossover design assessed the alternate waveform dur- 
ing the second episode of ventricular fibrillation. Patients 
were fibrillated using alternating current delivered 
through the endocardial electrode catheter, and shocks 
were administered 10 seconds after cessation of alter- 
nating current fibrillation. 

For both monophasic and biphasic shocks, the lead- 
ing-edge voltage of the initial shock was 580 V (approx- 
imately 20 J). The nominal tilt of all pulses was 65% 
(approximate pulse duration 5 ms). The biphasic shock 
was supplied from a single capacitor and thus the. lead- 
ing-edge voltage of the second pulse was equal to the 





(262/100) 2 3 
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T terminal voltage of the first pulse, The polarity af pulse 
— 2 was the reverse of pulse 1. The nominal tilt of the sec- 
©- ond pulse remained 65%, and the 2 pulses (approxi- 
mately 5 ms each) were separated by 0.2 ms. The se- 
quence of shocks used to determine defibrillation thresh- 
old used a binary search method (Figure 1). De- 
fibrillation threshold was defined as the lowest energy 
providing successful defibrillation (Figure 1). Both 
stored and delivered energies were calculated. 

Patients undergoing ICD implantation were tested 
with the chest closed before any surgery. Patients un- 
dergoing CABG were studied after median sternotomy 
and venous cannulation without cardiopulmonary by- 
pass, but with the sternum reapproximated. 

. Data acquisition and analysis: The defibrillator 
was connected to a Honeywell VR 16 oscillographic 


A recorder and a Hewlett-Packard tape. recorder by a 





> Medtronic model 2394004 breakout module. These 


. recorders were used to simultaneously obtain surface 


electrocardiographic leads I, aVF and V4, an intracardiac 
electrogram from the electrode catheter, and a marker 
channel from the ICD. The voltage and current deliv- 
-~ ered to the patient were recorded and measured on a 
.. Nicloet 3091 oscilloscope connected through Medtronic 
model 2707 signal isolation units. One channel of the 
oscilloscope was used to record voltage and another to 
measure current. The voltage and current of the leading 
and trailing edges of each pulse were measured and 
from these values, tilt, impedance and stored and deliv- 
ered energy were calculated. 
Continuous data are presented as mean + 1 SD. 
Comparisons were obtained by paired or unpaired 1 test, 
as appropriate. Proportional data were compared using 


- — Fisher’s exact test. Statistical significance was accepted 


eae at p «0.05. Curve-fitting used linear regression. All cal- 


> . culations were performed using commercially available, 
-= computer programs (MRTOD, Seattle, Washington). 


.. RESULTS 
Patients: The clinical characteristics of the 2 groups 


e . of patients are presented in Table I. Four of 9 patients 


with CABG had a previous myocardial infarction. Eight 
of 12 patients in the ICD group had coronary artery dis- 
ease, and all 12 had a previous myocardial infarction. 
The remaining 4 patients in the latter group had cardio- 
.  myopathy (2 idiopathic dilated, and 1 each hypertrophic 
.. and right ventricular arrhythmogenic). 

_ A major difference between the 2 groups was that no 
patient with CABG had had lethal ventricular ar- 
rhythmias compared with all but 1 ICD patient. The 
patient with arrhythmogenic right ventricular dysplasia 
was an 18-year-old with a strong family history of sud- 
den death and inducible, sustained ventricular tachycar- 
dia. The mean left ventricular ejection fraction was sig- 
nificantly less for ICD patients. 

Approximately 90% of ICD patients approached 
consented to participate, and 3 were excluded intraoper- 
atively because ventricular fibrillation could not be in- 
duced. through the endocardial catheter. Approximately 
_ 25% of patients with CABG. approached consented to 
participate, and 3 were excluded intraoperatively (2 be- 
cause of difficulty with transvenous instrumentation, and 
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^ segment depression. during induction of anesthesia). 


Another 3 patients (2 ICD and 1 CABG) completed the 
protocol, but were excluded because electronic equip- 
ment malfunction resulted in no data. 

One patient with CABG developed a sternal wound 
infection after surgery; another developed small, inferi- 
or Q waves and a peak serum creatine kinase MB frac- 
tion of 126 units (3.84%; perioperative myocardial 
infarction) after an episode of ventricular fibrillation in 
the cardiac intensive care unit. The maximal, peak 
serum, creatine kinase MB fraction in the other 8 
patients with CABG was 60 units (5.17%), and all but 
the patient with the sternal wound infection were dis- 
charged within 15 days without other significant prob- 
lems. Neither 2 perioperative complications (1 sternal 
wound infection and | perioperative myocardial infarc- 
tion) were thought to be related to the protocol. One 
ICD patient was thought to have a pulmonary embolus 
(pleuritic chest pain and hemoptysis) after surgery, and 
| had a cardiac arrest leading to hypotension and tran- 
sient renal failure. Five ICD patients had transient atri- 
al fibrillation after surgery, 2 had transient worsening of 
heart failure, and 1 had a hematoma at the device pock- 
et site. No complication was thought to be due to the 
protocol. 

Defibrillation thresholds: The voltage and current 
recorded at defibrillation threshold for the leading and 
trailing edges of each pulse are presented in Table II. 
For each measurement, the mean values obtained for 
biphasic pulses were less (p «0.03) than those obtained 
for monophasic pulses within each group of patients. 
For each waveform, there were no significant differences 
comparing these values in open-chest CABG patients 
with those in closed-chest ICD patients. Impedance was 
virtually identical for all pulses within each group of 
patients, but tended (not significant) to be greater when 
the chest was open. 





-. The » defibrillation thresholds expressed as total stored — 

and delivered. energy for biphasic and. monophasic 
shocks are depicted in Figure 2, and individual data are 
presented in Table I. Energy needed for biphasic defib- 
rillation was significantly less than that for monophasic 
defibrillation within each patient group. However, there 
were no significant differences when comparing the 
same waveform in open-chest CABG patients with that 
in ciosed-chest ICD patients. 

The percentage of patients successfully defibrillated 
is plotted against the total stored energy for biphasic and 
monophasic shocks in Figure 3. Complete success 
(10096) using the combined data was achieved with | 
«23.4 J for biphasic pulses, and 50% success needed 
12.9 J; corresponding values for monophasic pulses 
were 42.4 and 22.0 J, respectively. Whereas biphasic 
shocks were more effective over the entire range of 
stored energies, the major advantage of biphasic shocks 
was observed for the tertile of patients with the highest 
defibrillation thresholds. 


DISCUSSION 

The 2 main findings of this study are that: (1) bi- 
phasic shocks for defibrillation using this particular non- 
thoracotomy system in humans result in a lower de- 
fibrillation threshold than do monophasic shocks, and 
this threshold was less than that previously reported with 
a similar lead configuration; and (2) this same result was 
obtained in 2 groups of subjects that differed in their 
mean left ventricular ejection fraction, whether their - 
chests were opened or closed, and whether they were to 
undergo CABG or to receive an ICD. | 

Biphasic shocks were previously reported to be more 
effective than were monophasic ones in dogs? and hu- 
mans?" using epicardial patches. Furthermore, several 
nonthoracotomy systems in dogs*-!? and humans!! have 
shown a similar advantage of biphasic shocks. This 
study reports lower defibrillation thresholds with bi- 


ICD CABG 
40 P = 0.001 
P < 0.001 P = 0.001 
1 [ í 
30 P « 0.001 
FIGURE 2. Defibrillation thresholds ex- 

Uo pressed as total stored and delivered 

= 20 shocks in 2 groups of patients. 

o CABG z coronary artery bypass grafting; 
ICD = implantable cardioverter-defibrilla- 
tor. 

10 





T Monophasic Stored Energy 





= Biphasic Stored Energy 


Monophasic Delivered Energy Biphasic Delivered Energy 














200 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 71 JANUARY 15, 1993 








_ phasic shocks than with monophasic ones, and in both 
types of shock, the values obtained were much lower 
than those previously found using this nonthoracotomy 
lead system in humans. We believe this difference is due 
to positioning of the skin patch high in the left axilla, 
thus facilitating defibrillation of the base of the heart. 
The reasons for the reduced defibrillation thresholds 
with biphasic shocks are unknown, but several possibili- 
ties have been suggested.!*'> Previous studies assessing 
biphasic cardiac stimulation!^ suggested that the first 
pulse of a biphasic shock repolarizes some cells and de- 
polarizes others. The repolarization of cells results in 
reactivation of sodium channels to their resting state. 
These repolarized cells are more readily depolarized by 
the second pulse. This hypothesis implies that a bipha- 
sic shock can depolarize a larger mass of myocardium 
than can a monophasic one using the same amount of 


| energy. 


The 2 groups of experimental subjects in this study 
were distinctly different clinically. Therefore, it may be 
anticipated that the 2 groups would have different defi- 
brillation thresholds. However, this was not the case. 
Counterbalancing factors affecting. defibrillation thresh- 
old in the 2 groups may explain the unexpected similar- 
. ities. Transthoracic impedance!?!6 and left ventricular 


. mass! have been reported to have a role in defibrilla- 


tion threshold. Having the chest open resulted in a 
slightly higher impedance that would have been expect- 
-ed to increase defibrillation threshold in patients with 
CABG. However, there was no difference in defibrilla- 
tion threshold between CABG and ICD patients. This 
may imply that there is a counterbalancing factor in- 


..Qreasing the defibrillation threshold in ICD patients. This 
factor may be a greater left ventricular mass in ICD 
-> patients. Cardiopulmonary bypass has been reported to 
— have no effect on defibrillation threshold,'8 and there- 


fore, although our patients with CABG were not on 


: E bypass, the presence of the venous cannula probably had 
.— no effect. Other factors reported to affect defibrillation 


threshold that were probably neutralized by the present 
protocol include duration of fibrillation?! implant 
time, catheter stability and adrenergic tone.222? 

Several antiarrhythmic drugs have been reported to 
affect defibrillation threshold. >>! Two patients in this 
study were receiving propranolol, which may have in- 
. creased defibrillation threshold,” but 1 was in each of 
-the 2 groups of patients. In addition, a patient in the ICD 
¿> group was receiving amiodarone. However, chronic 
amiodarone treatment in humans has been reported to 
have no effects on defibrillation threshold.?? One patient 
in the ICD group was receiving verapamil, which has 
been reported to increase defibrillation threshold?! and 
4 in the CABG group were receiving diltiazem and 2 
nifedipine. The effects of the latter 2 calcium antagonists 
on defibrillation threshold have not been reported. There 
was no difference in anesthetic use between the 2 
groups. It is unlikely that antiarrhythmic drug therapy 
had any significant impact on the results of this study. 

Study implications: Defibrillation thresholds noted 
in this study using a nonthoracotomy lead system were 


3 much less than those previously reported. The results 


. suggest a wider applicability of this lead configuration, 






















párticularly in regard to the position of the. ski patch. we 
The difference between defibrillation thresholds for bi- 

phasic and monophasic shocks was noted in both groups 
of experimental subjects. Therefore, it is inferred that 
open-chest CABG patients who are not receiving an 
ICD may be a potential source of subjects for defibrilla- 
tion research. However, further studies in larger groups 
are needed. This finding has important practical impli- 
cations for research in humans on defibrillation using 
epicardial mapping.'*? The chest must be open to do 
the mapping, and as more ICDs are implanted using 
nonthoracotomy approaches, such studies will not be 
possible in most ICD patients. The use of patients with 
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FIGURE 3. Plot of percent successful defibrillation versus to- 
tal stored energy for biphasic and monophasic shocks. Top 
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. actions with both systolic and diastolic left 
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Es tently "- diastolic function. These previously 
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ing the severely depressed myocardium. 
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" ilrinone, a peak HI cyclic adenosine mono- 

phosphate-phosphodiesterase inhibitor, is known 
| to have inotropic and vasorelaxant activity 
with effects on both systolicl-? and diastolic^? left 
ventricular function. The compound is known to have 
favorable hemodynamic effects when administered intra- 
venously in patients with severe ventricular disease.’ 
The aim of this study. was to define the basis for these 
effects on overall cular function in greater detail. 
In particular, we hoped to distinguish between the effects 
of the drug on the left ventricular minor axis from those 
on longitudinally directed fibers, which have been shown 
to be largely subendocardial in position by anatomic 
studies. We also wanted to examine the diastolic effects 
of the drug in detail, attempting to separate any prima- 
ry action on relaxation from changes secondary to im- 
proved systolic function. 














METHODS 

Patients: Twelve men (mean age 54 years, range 38 
to 70) with severe ventricular disease (left ventricular 
end-diastolic dimension >6 cm and shortening fraction 
«2096) were studied. In 6 patients, the etiology was 
ischemic heart disease, and 3 had undergone coronary 
artery bypass surgery. In the remaining 6 patients, the 
etiology was idiopathic dilated cardiomyopathy. No pa- 
tient was receiving concomitant, intravenous or oral, 
positive inotropic drugs, and long-acting nitrates, digox- 
in, B blockers and xamoterol were discontinued 48 
hours before infusion of milrinone. 

Study protocol: The study comprised a series of 
baseline measurements using M-mode and Doppler 
echocardiography, with simultaneous phonocardiogra- 
phy. An indwelling intravenous cannula was positioned 
in a peripheral vein before baseline measurements. Heart 
rate and sphygmomanometer cuff blood pressure were 
recorded, and baseline measurements were obtained 
twice at 10-minute intervals, during an infusion of saline 
solution. Each recorded value was the mean of 3 beats. 
The lower measurements of heart rate, mean blood pres- 
sure, short-axis end-systolic and end-diastolic cavity 
dimensions were within 1596 of the higher value to 
ensure a stable baseline. Intravenous milrinone was 
administered within 15 minutes of the baseline mea- 
surements through a peripheral vein. A loading dose of 
50 g/kg was administered slowly over 10 minutes at a 


rate of 5 g/kg/min, followed immediately by a constant 


infusion of 0.5 pg/kg/min. After 25 minutes of milri- 


INTRAVENOUS MILRINONE AND SUBENDOCARDIAL FUNCTION — 20; 











none infusion, echocardiographic and Doppler measure- 
ments, heart rate and blood pressure variables were 
recorded, and on completion, the milrinone infusion was 
terminated. 

ic measurements: Heart rate, and sys- 
tolic, diastolic and mean blood pressures were recorded. 
From the Doppler signal of aortic flow, and cross-sec- 
tional area of the left ventricular outflow tract, cardiac 
output was calculated, and cardiac, stroke and stroke 
work indexes derived. 





FIGURE 1. A, continuous-wave Doppler trace of mitral regur- 


pressure increase and decrease from differential of pres- 
sure trace (C). dP/dt = first derivative of ventricular pres- 
sure; ECG z electrocardiogram. 


M- mode and cross-sectional echocardiograms were ob- 
tained with the patient in the standard left lateral posi- 
tion, using an Advanced Technical Laboratory Imager 
Mk 3001 with a 3 MHz mechanical transducer. M-mode 
echocardiograms were recorded with simultaneous elec- 
trocardiogram and phonocardiogram, on a Honeywell 
(Ecoline 22) strip chart recorder at a paper speed of 10 
cm/s. Aortic valve closure was considered as the onset 
of the first high-frequency vibration of the aortic com- 
ponent of the second heart sound recorded on the 
phonocardiogram, and was checked for validity with the 
aortic echogram and closure artefact on the Doppler 
recordings. Left ventricular internal cavity dimensions 
were measured at end systole (at aortic valve closure) 
and end diastole (onset of the QRS complex on the elec- 
trocardiogram) using leading-edge methodology, from 
the parasternal long-axis view, and shortening fraction 
was calculated. Posterior wall thickness was measured 
at end systole and end diastole. Isovolumic relaxation 
time was measured from aortic valve closure to the ini- 
tial separation of the mitral cusps on the M-mode echo- 
gram, and mitral valve open time was measured as the 
total period from mitral cusp separation to closure at the 
onset of the succeeding systole. M-mode echocardio- 
grams were digitized using a Terminal Display Systems 
TDS 20 digitizing tablet? The extent of incoordinate 
relaxation was measured from the increase in transverse 
cavity dimension during isovolumic relaxation (ex- 
pressed as a percentage of the total dimension change 
during the cardiac cycle) and also from the time inter- 
val from minimal cavity dimension to mitral valve open- 
ing. The peak rates of dimension increase and posterior 
wail thinning were also derived from the digitized traces. 

‘Longitudinal axis measurements: An assessment 
of ventricular longitudinal function was obtained from 
measurement of mitral and tricuspid ring motion on 
long-axis M-mode echocardiograms. Excursion of the 
mitral ring was measured at the lateral and central fi- 
brous body sites, and that of the tricuspid ring at the free 
wail. 

Doppler echocardiography: We recorded Doppler 
signals with a Doptek Spectrascan and a 2 MHz trans- 
ducer. Peak transmitral flow velocities were identified 
using continuous-wave Doppler from the apex, and were 
recorded in pulsed mode with a 3 mm gate and 250 Hz 
wail filter. The peak velocities of early (E. wave) and 
atrial (A wave) transmitral flow were recorded, and the 
A/E ratio was derived. Acceleration and deceleration 
times of the E wave, and rapid filling duration (total E- 
wave duration) were measured. The time interval of aor- 
tic closure to the onset of transmitral flow was also 
recorded. Mitral and tricuspid regurgitant signals were 
identified and recorded in continuous-wave mode, and 
their durations were measured. The mitral and tricuspid 
regurgitation durations were subtracted from the RR 
interval to obtain the non—mitral regurgitation (left ven- 
tricular filing time) and non-tricuspid regurgitation 
(right ventricular filling time) intervals, respectively. The 
mitral regurgitation signal was digitized using a Termi- 
nal Display Systems TDS 20 digitizing tablet, and the 
peak left ventricular/left atrial pressure drop, and peak 
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TABLE |. Hemodynamic Measurements 










RR interval (ms) 





Peak negative dP/dt (mm Hg s-1) 












TABLE H Echocardiographic Measurements 


Left ventricular end-systolic dimension (cm) 
Left ventricular end-diastolic dimension (crm) 
Shortening fraction (95) 

End-diastolic posterior wall thickness (cm) 
End-systolic posterior wall thickness (cm) 
Peak rate of posterior wall thickening (cm/s) 
Peak rate of posterior wall thinning (cm/s) 
Peak rate of minor axis dimension increase (cm/s) 
Epicardial excursion (mm) 

Isovolumic relaxation time (ms) 

Aortic closure to onset of transmitral Doppler 


% change in dimension before mitral valve opening (76) 


Minimum dimension to mitral. valve opening (ms) 





-po itive and negative first derivatives. of left ventricular 
- pressure were calculated (Figure 1). The height of the 
. left atrial v wave was calculated as the difference be- 
. tween systolic arterial pressure and peak left ventricu- 
lar/left atrial pressure drop. Cardiac output was mea- 
sured from the flow velocity integral of a pulsed Doppler 
. recording of aortic flow, and the cross-sectional area of 
- the left ventricular outflow tract immediately beneath the 
. valve. Records were obtained with simultaneous elec- 
- trocardiogram and phonocardiogram at a paper speed of 
$t 10 cm/s. 
i Catecholamines: A 10 ml blood sample was ob- 
. tained from the indwelling cannula into lithium-hepari 
tubes, before and after completion of the infusion of mil- 
: rinone. Each sample was mixed and immediately cen- 
. trifuged for 10 minutes. Plasma was decanted and frozen 
-at —70?C until assay. Plasma catecholamines (epineph- 
. rine and norepinephrine) were measured by high-per- 
— formance liquid chromatography with electrochemical 
-.. detection.!? 
| Statistical analysis: Throughout the study 3 
. Successive cardiac cycles were measured and mean val- 
.. ues determined. All values are presented as mean + SD. 
Differences between mean values before and after 
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1022 10° ^ ^. NS. 














Heart rate (beats/min) 99 + 13 NS 
Systolic BP (mm Hg) 109 + 26 108 + 25 | - NS 
Diastolic BP (mm Hg) 67 x 14 68 + 14 NS 
Mean BP (mm Hg) 81 € 18 82 + 17 NS 
Cardiac output (L min?) 3.2 € 1.3 4.6 x 1.7 0.003 
Cardiac index (L min- 1 m2) 1.8 0.7 2.50.9 0.02 
Stroke volume (ml) 32 x 13 44 x 17 0.005 
Stroke index (ml m-2) 18 x7 24 x9 0.003 
Stroke work (g m) 52 +31 69 + 31 0.003 
Stroke work index (g m/m?) 29 x 17 38 € 17 0.02 
Mean systolic ejection rate (ml s~!) 145 x 48 189 x 59 0.01 
Peripheral resistance (Wood units) 27.8 € 7.3 20.5 + 6,5 0.02 
Left atrial pressure (v wave) (mm Hg) 4l > 11 28 x 10 «0.05 
Peak positive dP/dt (mm Hg s!) 540 + 225 640 + 255 NS 


500 + 150 


BP = blood pressure; dP/dt = first derivative of left ventricular pressure. 


Maximal amplitude of lateral. site of mitral ring motion (cm) 
Maximal amplitude of central fibrous body. motion (tcm) — — 
Maximal amplitude of right ee ring motion (cm) 
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After 
Milrinone 


Before 
Milrinone 

5.9411 
6.8 + 1.0 

14.0 + 5.9 
12264 
1.7 €0.2 
3.6. 1.0 
83221 

11.2 + 2.8 
2:9 + 2.6 
60 x 35 
95 x 30 

22.7 € 20.7 
50x25 
11203. «0.001 
06:04 0.0 
1,5 € 0.6 


intravenous milrinone were nd by the paired Stu- 
dent's t test. A value of p «0.05 was considered to be 
statistically significant. 


RESULTS © | 
| ts (Table 1): Cardiac 
output increased (3.2 + 13 vs 46 * 17 liters/min; p 
«0.005) without a. significant change i in either heart rate 
or mean blood pressure. Stroke volume and stroke work 
index increased significantly. Mean systolic ejection rate 
increased, and peripheral resistance decreased (both sig- 
nificantly). Left atrial pressure (v-wave height) decreased 
by a mean value of 13 mm Hg, whereas peak rates of 
pressure increase and reduction tended to increase 
(p = NS). 

M-mode echocardiographic — measurements 
(Table ii): CHANGES IN MINOR-AXIS DYNAMICS AND WALL 
THICKNESS (FIGURE 2): End-systolic and end-diastolic cav- 
ity dimensions significantly decreased after milrinone (p 
«0.000), with a significant increase in shortening frac- — 
tion (p «0.01). Thickness of the posterior wall increased. 
at end-systole and end-diastole, and there were marked 
increases in the rate of posterior wall thickening and 
thinning, and in the peak rate of minor axis dimensio 











increase (Figure 2). Excursion of the epicardium did not 
increase significantly. 

ISOVOLUMIC INDEXES: Isovolumic relaxation time in- 
creased significantly when measured as aortic closure to 
both mitral valve opening and the onset of flow on 
Doppler. Measures of incoordinate relaxation increased, 
as may be expected with a longer isovolumic period. 

CHANGES IN LONG-AXIS DYNAMICS (FIGURE 3): There was 
a marked increase in the maximal amplitudes of both 
mitral ring (Figure 3) and central fibrous body motion 
after milrinone, which had been uniformly reduced 
before infusion. However, motion of the tricuspid ring, 
which was not reduced before milrinone, did not change 
significantly, 

Doppler indexes (Table Ill): There was no change 
in the peak velocity of the A wave of transmitral flow. 
However, despite the increase in isovolumic relaxation 
time, and the reduction in the left atrial v wave, peak E- 
wave velocity increased significantly (p «0.05). The ac- 
celeration and deceleration times of the E wave in- 
creased (p <0.01), so that the total rapid filling duration 
lengthened significantly. The duration of mitral regurgi- 
tation decreased, but that of tricuspid regurgitation was 
unchanged. 

Catecholamines: There were no significant differ- 
ences in plasma catecholamines before and after intra- 
venous milrinone. Epinephrine levels were within the 
normal range (before 0.81 + 0.75 nmol/liter, and after 





0.53 + 0.67 [p NS]; normal range 0.03 to 1.31), but 
norepinephrine levels were high before and after milri- 
none (before 11.25 + 4.46 nmol/liter, and after 10.31 + 
4.48; normal range 0.35 to 5.67). Thus, no observed he- 
modynamic effects could be attributed to drug-induced 
catecholamine release. 


DISCUSSION 

Milrinone is a bipyridine phosphodiesterase IH in- 
hibitor that promotes cyclic adenosine monophosphate- 
catalyzed phosphorylation of sarcolemmal calcium chan- 
neis. It is known to have both inotropic and vasorelaxant 
activity in humans, with effects on systolic! and dias- 
tolict-^ function. We wanted to define its actions in 
greater detail to clarify its role as a potentially useful 
agent in circulatory support. 

Systolic effects of milrinone: Cardiac output in- 
creased almost entirely due to increased stroke volume. 
Blood pressure was unaltered, so that stroke work index 
increased and peripheral resistance decreased. These 
changes occurred with reductions in left atrial pressure 
and left ventricular end-diastolic dimension (1.e., in both 
components of preload), and are thus entirely in accor- 
dance with the known dual action of the drug as both a 
positive inotropic agent and an arterial vasodilator. Peak 
first derivative of left ventricular pressure, derived from 
the mitral regurgitation trace, did not change sig- 
nificantly; this quantity is affected by both actions of the 





FIGURE 2. M-mode echocardiograms of left ventricular cavity obtained at level of tips of mitral leaflets before (A) and after 
(B) administration of intravenous milrinone. Endocardial surfaces of septum and posterior wall are shown. Records were 
obtained with simultaneous electrocardiogram (ECG) and phonocardiogram (PCG). Note increased amplitude of posterior 
wall motion and rate of thinning, and reduced end-systolic cavity dimension. 
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drug, increasing with a positive inotropic effect and 
decreasing with reduced preload. It appears likely that 
these 2 effects were balanced. Stroke volume increased 
because end-systolic cavity dimensions decreased pro- 
portionately more than those at end-diastole. This in- 
crease in the amplitude of wall motion was apparent 
from examining both short and long axes. In the short 
axis, it manifested itself as a marked increased in the 
extent of systolic wall thickening. Epicardial excursion 
was unaltered after milrinone, which makes it very un- 
likely that the increase in wall thickening was due to cir- 


TABLE Hi Doppler Measurements 


cumferential fiber shortening. Therefore, it must have 


been caused by the fattening of longitudinally directed 


fibers. Because myocardium is effectively incom- 
pressible, fattening in the transverse direction is the nec- 
essary consequence of longitudinal fiber shortening. In 
any individual patient, its extent can be deduced from 
the interrelations between transverse cavity dimensions, 
epicardial motion and wall thickening.!! Since the apex 
of the ventricle does not move with respect to a trans- 
ducer on the chest wall, changes in the extent of long- 
axis shortening are entirely due to motion of the mitral 


A wave (m/s) 

E wave (m/s) 

A/E ratio 

E-wave acceleration time (ms) 
E-wave deceleration time (ms) 
E-wave acceleration (g) 

Rapid filling duration (ms) 

Mitral regurgitation duration (ms) 
Left ventricular filling time (ms) 
Tricuspid regurgitation duration (ms) 
Right ventricular filling time (ms) 
Left ventricular ejection time (ms) 


Before 
Milrinone 


0.26 + 0.23 
0.76 + 0.26 
0.44 + 0.36 
55 t 20 
75 + 20 
1.45 x 0.65 
135 x 40 
380 x 65 
215:x 75 
425 x 75 
195 + 70 
220 + 40 


After 
Milrinone 


0.28 + 0.16 
0.83 x 0.28 
0.50 + 0,21 
75 + 20 
100 + 25 
1.25 + 0.50 
175 + 30 
360 + 50 
230 + 60 
355 + 135 
250 x 150 
230 + 35 





FIGURE 3. M-mode echocardiogram of lateral aspect of mitral annulus, reflecting mitral ring motion, before (A) and after (B) 


.. intravenous milrinone, recorded with simultaneous electrocardiogram (ECG) and phonocardiogram (PCG). Note marked 


. reduction in ring motion, typical of dilated cardiomyopathy before milrinone, and increased systolic shortening of long axis 


c after. 
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valve ring. Reduced mitr: 
dilated cardiomyopathy? and the amplitude of this 
motion in our patients was reduced in control conditions 
and normalized by milrinone. The relative change was 
significantly greater than that in the minor axis. Motion 
of the right atrioventricular ring was only minimally re- 
duced compared with in normal subjects, >15 and did 
not change significantly with milrinone. Therefore, we 
deduce that the changes in cavity volume were due in 
large part to the systolic effect on longitudinally direct- 
ed fibers; not only did they lead directly to longitudinal 
shortening, but also contributed in a major way to the 
systolic increase in wall thickness underlying the reduc- 
tion in minor axis. 

Diastolic effects of milrinone: Left atrial pressure 
decreased and isovolumic relaxation increased. The du- 
ration of the rapid filling phase and peak E-wave veloci- 
ty both increased, whereas A-wave velocity remained 
unchanged. Therefore, the increased stroke volume en- 
tered the ventricle in early rather than late diastole. It is 
now known that the acceleration of transmitral flow is 
due to the pressure gradient between the atrium and ven- 
tricle. Thus, peak acceleration of early diastolic flow can 
only be maintained when early diastolic left atrial pres- 
sure decreases, if there is a corresponding reduction in 
effective left ventricular pressure. There is increasing 
evidence to suggest that early diastolic left ventricular 
pressure is directly related to end-systolic cavity size. In 
normal subjects, early diastolic pressures may even be 
negative to atmospheric when end-systolic volume is 
low.'©!7 Thus we would expect the reduced end-systolic 
volume after milrinone to be associated with a reduction 
in early diastolic ventricular pressure, which explains 
how early diastolic flow velocities increased. A second 
effect contributing to the increase in the early diastolic 
time-velocity integral was prolongation of both accelera- 
tion and deceleration times. In control conditions, val- 
ues of deceleration time were well within the range 
reported by Appleton et al!® as being diagnostic of 
restrictive ventricular physiology. Deceleration time 
lengthened toward normal with milrinone. The improve- 
ment in restrictive physiology was presumably another 
result of a smaller end-systolic volume causing lower 
diastolic pressures, thus increasing operating compliance 
as the result of the curvilinear form of the left ventric- 
ular pressure—volume relation. 

Significance of changes in left ventricular long- 
axis function: If this analysis is correct, it points to a 
pivotal role of long-axis shortening underlying the favor- 
able effects of milrinone on the dilated left ventricle. 
Anatomic studies have shown the following 3 compo- 
nents of musculature arranged longitudinally: the papil- 
lary muscles, and fibers within the ventricular wall, dom- 
inantly subendocardially and to a lesser extent subepi- 
cardially5 Subendocardial fibers are particularly at risk 
in patients with dilated cardiomyopathy, both from the 
direct effects of any large or small vessel coronary artery 
disease, and from the indirect effects of raised left 
ventricular diastolic pressures. Both can lead to local 
ischemia and thus dysfunction. We believe the primary 
action of milrinone was on these fibers, increasing the 
extent of their shortening, and thus lowering effective 





ral fing 1 motion | is proma in 





left ventricular early diastolic pressure and increasing 
stroke volume. 

Study limitations: Changes in the left ventricular 
minor axis were assessed using M-mode echocardiogra- 
phx which has obvious disadvantages in studying over- 
all left ventricular function. However, we excluded from 
the study patients with left ventricular aneurysms and 
obvious nonuniformity of cavity shape. The M-mode 
cursor was guided from the cross-sectional display, and 
patients served as their own control. Finally, our experi- 
mental design did not depend on using minor-axis mea- 
surements as indicators of overall function, but specifi- 
cally to assess changes in dimension and wall thicken- 
ing at midcavity level. Doppler-based estimates of left 
ventricular stroke volume depend on both stroke dis- 
tance and cross-sectional area of the aorta or outflow 
tract.197? There is no general agreement as to the exact 
site at which the latter should be measured; subaortic 
and aortic regions have both been used. ?!? Further- 
more, when cardiac output is reduced, aortic cusp open- 
ing may be incomplete, suggesting that aortic root di- 
ameter may overestimate the effective area of the col- 
uma of blood leaving the ventricle. Although these 
limitations may cast doubt on the reliability of absolute 
measures of stroke volume, they are unlikely to affect 
directional changes in individual patients, where effec- 
tive cross-sectional area is unlikely to change. Our esti- 
mates of left atrial pressure were indirect. We used the 
difference between peak systolic arterial pressure and 
peak atrioventricular pressure reduction. Thus, the cal- 
culated left atrial pressure is likely to have approximat- - 
ed to the v wave of the pressure pulse and will have 
been physiologically significant as a determinant of early 
diastolic left ventricular filling. The height of the v wave 
has only an indirect relation to end-diastolic pressure. 
We suggest that these values also decreased, on the ba- 
sis of an increase in left ventricular isovolumic relaxa- 
tion time,” and even more significantly, a reduction in 
end-diastolic dimension. The technique of determining 
peak rates of increase or decrease in pressure from the 
continuous-wave Doppler trace of functional mitral re- 
gurgitation is new^* and has not been specifically vali- 
dated in patients with dilated cardiomyopathy. 

Conclusions: The data suggest a unitary mechanism 
of action of milrinone and that its diastolic effects are 
the cirect mechanical consequence of its actions in sys- 
tole on longitudinally directed subendocardial fibers. 
These properties may be of benefit for short-term use in 
patients with advanced ventricular disease in need of cir- 
culatory support. 
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patients with suspected prosthetic vaive malfunc- 
tion and negative TTE. 
(Am J Cardiol 1993;71:210-215) 


ransthoracic 2-dimensional echocardiography (TTE) 
is the diagnostic procedure of choice for the eval- 

. uation of prosthetic valves. However, TTE can be 
limited in patients with poor acoustic window, and pros- 
theses may create artifacts preventing sufficient image 
quality. The addition of Doppler has a valuable role in 
a comprehensive investigation by providing comple- 
mentary hemodynamic and anatomic information." In 
some cases with prosthetic valve abnormalities (such as 
small thrombi or vegetations, or the initial stage of tis- 
sue valve degeneration), however, the hemodynamic 
function of a diseased valve may be preserved for a peri- 
od of time, and Doppler may reveal normal velocity 
parameters. In these patients, a sufficient i image quality 
is needed to detect morphologic prosthetic valve abnor- 
malities. Transesophageal echocardiogra-phy. (TEE) pro- 
vides a high resolution and an unobstructed view of car- 
diac structures,5-!! and may be an important adjunct to 
TTE. In this study, we compared the findings visualized- 
by TTE and TEE with those verified during reoperation - 
or necropsy in 126 unselected patients with 148 pros- 
thetic or bioprosthetic valves. i 


METHODS 

Patients: The study TEE 126 consecutive pa- 
tients (86 men and 40 women, age range 19 to 76 years) 
with 148 prostheses (78 in the aortic position, and 70 in- l 


the mitral position, 35 mechanical devices and 113 bio- 
o examined Eee 1984 and 1990. Patients 








e 16 replacement of viter - 
a diseased | pci rei = 104) or another diseased na- | 
tive heart valve (n = 22). Surgery or autopsy provided - 
detailed anatomic € description of all prostheses. Based. on E 








Surgery or Autopsy 
Transthoracic Transesophageal | 
Normal Questionable Abnormal Normal Questionable Abnormal | 
Aortic position (n = 41) 13 5 23 (56%) 7 4 30 (73%) | 
Mitral position (n « 1 4 3 35 (83%) 0 Q 42 (100%) 1 
Total (0283) 17 (20%) | 8(109€) 58(70%) 7 (8%) 4 (5% 72 (87%) | 


Comparison of transthoracic and. transesophageal echocardiography for total valves: chi-square 7.01, p «0,05; for valves. i 
in aortic position: chi-square 2.84, p = 0.24; and for valves in mitral position: chi-square 7.64, p « 0.05. ra 


TABLE H Echocardiographic Findings in 33 Prostheses with Endocarditis Proved by 


Surgery or Autopsy 


Transthoracic 


Normal Questionable Abnormal Normal Questionable Abnormal 

Aortic position (n = 21) 6 6 9 3 i 

Bioprosthesis (n = 11) 2 3 6 1 0 

Mechan. device (n = 10) 4 3 3 2 1 
Mitral position (n = 12) 6 3 3 2 0 

Bioprosthesis (n = 6) 2 e 2 i Q 

Mechan. device(n=6) = 4 l 1 i Q Sg 
Total (n = 33) 12 (36%) 9(27%) 12 (36%) 5(15%) 113%) 27 (82%) doe 


Comparison of transthoracic and transesophageal! echocardiography for total valves: chi-square 15.05, p «0.001. 


Mechan. = mechanical. 


the macroscopic appearance, 124 prostheses were classi- 
fied as diseased and 24 prosthetic valves as normal. For 
the purpose of this study, we focused on patients with 
prosthetic valve endocarditis, thrombi or degeneration; 
those with a paravalvular leak but without other mor- 
phologic prosthetic valve abnormalities were excluded, 
because most were examined before TEE Doppler tech- 
nology was available. 

Echocardiographic examination: Patients were 
studied by echocardiography 57 + 16 days before 
 reoperation or death, and all studies were evaluated by 
-.2 independent physicians. In cases with initial discrep- 
.ancies, both observers reevaluated the studies together, 
. and a consensus. was found. M-mode and 2-dimension- 
al TTE were performed in standard conditions using 
2.25 and 3.5 MHz phased-array transducers, and multi- 
: ple parasternal, apical and subcostal image planes. For 
. TEE, monoplane 3.5 and 5.0 MHz phased-array trans- 
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graphic criteria used to classify the various s prosthetic P 


valve diseases were as follows: (1) bioprosthesis degen- | 
eration, leaflet thickening >3 mm (with or wi out a flail 
portion due to partial leaflet rupture) associated with re 







stricted leaflet motion; (2) valve endocarditis sessile onde 
pendulating masses attached to the valve and notinhib. ——— 





iting the motion of the leaflets or the occluder of the 
prostheses; and (3) thrombi, sessile valve-attached mass- 





es localized within the cage and. usually associated with NM 


a restricted leaflet or occluder motion. i 
Statistics: For statistical analysis, the c tia test 
was used. A p value <0. 03-7 was BERE 
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FIGURE 2. Transesophageal echocardiograms of 2 patients 
with infective endocarditis after mitral vaive replacement. 
Top, Medtronic Hall mechanical device. Shadowing of 
mechanical device did not enable evaluation of atrial side 
of prosthesis by transthoracic approach. Transesophageal 
echocardiography clearly demonstrates pendulating 
vegetation (arrows) at atrial side of prosthesis. Bottom, 
bioprosthesis. Large vegetations (arrows) pendulating into 
left atrium (LA) in systole can be seen. LV = left ventricle. 








FIGURE 3. Transesophageal echocardiogram of patient with 
infective endocarditis after aortic valve replacement with 
bioprosthesis. Large vegetation (arrows) attached to 
leaflets can be seen. LA = left atrium; LV = left ventricle. 
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termined by calculating sensitivity and specificity as fol- 
lows: For calculating sensitivity, only prostheses with 
definite echocardiographic abnormalities were consid- 
ered to be abnormal for specificity, only prostheses 
clearly without definite echocardiographic abnormal 
findings were considered to be normal. 





RESULTS 

Based on morphologic evaluation during surgery or 
autopsy. 33 prosthetic devices were diseased by infec- 
tive endocarditis (21 in the aortic and 12 in the mitral 
position), 83 were degenerated (41 in the aortic and 42 
in the mitral position), and 8 prosthetic valves had at- 
tached thrombi (2 in the aortic and 6 in the mitral posi- 
tion’. Twenty-four prostheses were considered normal 
(14 in the aortic and 10 in the mitral position). 

Bioprosthetic degeneration: The diagnostic ac- 
curacy of TTE and TEE in the detection of bioprosthe- 
sis degeneration is listed in Table I. TEE could correct- 
ly identify degeneration in a greater percentage of cases 
than could TTE (87 vs 70%; p «0.05). However, this 
difference was not statistically significant for prostheses 
in the aortic position. In 3 of 7 cases in which TEE 
revealed false-normal findings, subsequent surgery 
showed a pinhole defect in | leaflet without further 
structural leaflet abnormalities; all 7 prostheses were in 
the aortic position. The sensitivity of both techniques 
was greater in patients with a bioprosthesis in the mitral 
position than in aortic devices (p «0.02). A typical trans- 
esophageal echocardiographic image of a degenerated 
bioprosthesis is shown in Figure I. 

Endocarditis: Table II summarizes the diagnostic 
accuracy of TTE and TEE in the detection of prosthet- 
ic valve endocarditis. TEE had a significantly greater de- 
tection of vegetations than did TTE (82 vs 3695; p 
«0.001) (Figures 2 and 3). Five of 6 patients with a 





FIGURE 4. NNRMREEDNM échotaidogan of patient with 
thrombus (arrows; subsequently proved by surgery) within 
cage of Hancock bioprosthesis in mitral position. Still-frame 
is obtained in end-systole, revealing that thrombus did not 
show movement with valve leaflets that are in closed 
position (open arrow). In left atrium (LA), spontaneous echo 
contrast can be seen. LV = left ventricle. 
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false-normal or ''questionable'" finding by TEE had a 
mechanical device or a prosthesis in the aortic position. 
Thrombi: Whereas TEE could visualize prosthetic 
valve-attached thrombi in all 8 cases (2 mechanical de- 
vices in the aortic position, 1 bioprosthesis and 5 me- 
chanical devices in the mitral position), TTE detected a 
thrombus only in 1 patient with a mechanical mitral 
prosthesis; in 2 other cases, the results of TTE were con- 
sidered questionable (p «0.01). Figures 4 and 5 show 
typical transesophageal echocardiographic images of 
patients with thrombi attached to a bioprosthesis or me- 
chanical device; in these cases, thrombi could not be de- 
tected by TTE. 

Normal prostheses: Neither TTE nor TEE showed 
false-positive abnormalities in the 24 patients with 12 
bioprostheses and 12 mechanical devices considered to 
be normal during anatomic inspection. However, a ques- 
tionable result was obtained in 9 patients (3896) (6 in 
the aortic and 3 in the mitral position) by TTE and in 
3 (13%) (2 in the aortic and 1 in the mitral position) by 
TEE. Overall, differences between TTE and TEE were 
not significant. 

Sensitivity and specificity: The detection of the 3 
types of prosthetic valve abnormalities in the evaluation 
of all 148 prostheses had a sensitivity and specificity of 


TABLE HI Detection of Prosthetic Valve Abnormalities by 
Transthoracic and Transesophageal Echocardiography; 
Dependency on Prosthetic Valve Position (105 patients with 
124 diseased prosthetic valves) 


Echocardiographic Findings 





Normal Questionable Abnormal 
Mitral position 
(n = 60) 
TTE 14 (23%) 7 (12%) 39 (6576) 
TEE 2 (3%) 0 (096. 58 (97%) 
Aortic position 
(n = 64) 
TTE 20 (31%) 12 (19%) 32 (50%) 
FRE 10 (16%) 5 (8%) 49 (77%) 


Comparison of TTE and TEE for valves in mitral position: chi-square 19.72, 
p <0.001; and in aortic position: chi-square 9.78, p «0.01. 
TEE « transesophageal echocardiography; TTE = transthoracic echocardiography. 


TABLE IV Detection of Prosthetic Valve Abnormalities by 

| Transthoracic and Transesophageal Echocardiography; 

| Dependency on Type of Prosthesis (105 patients with 124 
diseased prosthetic valves) 


Echocardiographic Findings 


rehimen 


Normal Questionable Abnormal 

Bioprostheses 

(n = 101) 

TTE 22 (22%) 13 (13%) 66 (65%) 

TEE 9 (995) 4 (A95) 88 (87%) 
Mechanical devices 

{n = 23) 

TTE 12 (52% 6 (26%) 5 (22%) 

TEE 3 (13%) 1 (4%) 19 (83%) 


Comparison of TTE and TEE for bioprosthesis: chi-square 13.36, p «0.01; and for 
mechanical device: chi-square 17.14, p <0.001. 
Abbreviations as in Table lit. 











57 and 63%, respectively, for TTE, and 86 and 88%, 
respectively, for TEE (p «0.001 for sensitivity; p= NS 
for specificity). In 17 of 124 diseased prostheses (14%), 
TEE was falsely negative or questionable; 15 of the 17 
(88%) were localized in the aortic position, and 4 (24%) 
were mechanical devices. In contrast, TTE had a false- 
negative or questionable finding in 33 of 124 diseased 
prostheses (43%); in 32 (60%), the prosthesis was local- 
ized in the aortic position, and 18 (34%) were mechani- 
cal devices. 

Aortic versus mitral position: In Table III, al! dis- 
eased valves are analyzed separately for aortic and mi- 
tral position. In both positions, TEE resulted in a signif- 
icantly greater detection rate of abnormalities than did 
TTE. In patients with a mitral prosthesis, TEE accu- 
rately revealed abnormalities in 58 of 60 cases (97%), 
whereas TTE was accurate in 39 (65%) (p «0.001). In 
regard to aortic valve prostheses, the detection rate of 
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€ was ‘reduce ed or both TIE (50%) and 
TEE (77%), however, the difference between TTE and 
TEE was significant (p «0.01). 

Bioprostheses versus mechanical devices: Table 
IV shows the comparison between TEE and TTE in 
regard to all diseased bioprostheses and mechanical 
devices. For both tvpes of prostheses, TEE resulted in a 
significantly greater detection rate of abnormalities than 
did TTE. For mechanical devices, a particularly large 
difference between TEE and TTE was found (83 vs 
2295; p «0.001). 

interobserver variability: Interobserver variabilities 
were 11% (n = 16) for TTE and 6% (n = 9) for the TEE 
(p = NS). However, differences in the evaluation of pros- 
thetic valve status were restricted to discrepancies 
between normal or abnormal and questionable, but not 
between normal and abnormal. 


DISCUSSION 

Assessment of prosthetic valve morphology by TTE 
may be difficult owing to limited acoustic windows and 
the highly reflective acoustic nature of prosthetic valve 
material. Whereas gross abnormalities can be detected 
in many patients, less flagrant abnormalities such as 
small vegetations and thrombi may be poorly appreciat- 
ed, but may be all that is needed for emergent manage- 
ment decisions, such as urgent surgery. Mechanical de- 
vices produce multiple artifacts; this often prevents a 
reliable evaluation of prosthetic valve morphology.'* 
Accordingly, the overall detection rate for vegetations or 
thrombi attached to mechanical devices was low (22%) 
in this series by TTE. This is in agreement with earlier 
reports,'>-!8 although larger series with pathologic con- 
firmation have not been available. TEE could con- 
siderably improve the diagnostic information: in 19 of 
23 diseased mechanical devices (83%), TEE correctly 
identified vegetations or thrombi. This improved visual- 
ization by TEE can be explained by the following: (1) 
the unobstructed view provided by close approximation 
of the esophagus to the heart; (2) the ability to use high- 
er frequency transducers, enabling the visualization of 
even small masses or masses with low echogenicity; and 
(3) the ability to evaluate the atrial surface of devices in 
the mitral position.!^?-?! This latter point is of particu- 
lar relevance, because thrombi or vegetations are usual- 
ly attached at the atrial side of a mitral prosthesis, an 
area that 1s often inaccessible to TTE. Therefore, TEE 
appears to be the echocardiographic procedure of choice 
to evaluate mitral prosthetic valves (especially mechan- 
ical devices). 

The diagnosis of aortic prosthetic valve abnormalities 
appears to be not as accurate by either TTE or TEE as 
that of mitral prostheses. Aortic prostheses (especially 
the left ventricular outflow tract side) may be partially 
obscured by artifacts created by the prosthetic ring when 
imaged by TEE in a short-axis plane. TEE could cor- 
rectly diagnose abnormalities in only 77% of the dis- 
eased aortic prostheses (compared with 97% of mitral 
prostheses). However, TEE has increased diagnostic ca- 
pabilities compared with TTE not only for mitral but 
also for aortic prostheses. Improved technology such as 


biphne or —À transesophageal echocardiògrájh: " 
ic probes will probably increase the diagnostic accuracy 
for evaluation of aortic prostheses. E 

since bioprostheses consist of less reflecting materi- _ 
al, many morphologic abnormalities can be identified by 
TTE.911./5.722725 However, this study shows that TEE 
alsc provides a higher detection rate for structural 
changes in bioprosthetic valves than does TTE. These 
findings are similar to those reported for native valve 
abnormalities.!226 TEE, when compared with TTE, led 
to an improvement in diagnostic accuracy of detecting 
vegetations and thrombi attached to bioprosthetic valves 
of 250%. This improvement was not as marked when 
evaluating bioprosthetic valve degeneration. Thickened 
and partially calcified tissue valves can usually be iden- 
tified by TTE alone. However, isolated pinhole defects 
in bioprosthetic leaflets are nearly impossible to detect 
by either TTE or TEE without the additional use of 
color flow Doppler.? 

Study limitations: Although one could argue that 

performing TTE before TEE favors the diagnostic accu- 
racy of TEE, in the routine clinical setting, TTE should 
always be performed before TEE. Both techniques com- 
plement each other and are not competitive. Further- 
more, in several cases, TTE was falsely negative and 
therefore misleading for TEE. 
t may be difficult with either TEE or TTE to distin- 
guish between bioprosthetic leaflet degeneration and 
smail vegetative lesions. Although vegetative lesions of- 
ten have chaotic unrestricted motion, and degenerative 
processes are usually associated with impaired valvular 
motion, in most patients, a definite distinguishing diag- 
nosis can only be obtained when the clinical situation 
and history are noted. The situation is similar concern- 
ing the differentiation between thrombi and vegetations. 
Echocardiography may show that an abnormality is pre- 
sent. but cannot always determine the etiology. 

Although it was not the purpose of this study to eval- 
uate the additional diagnostic role of Doppler, the 
anatomic information provided by either TTE or TEE 
can be markedly enhanced by the hemodynamic findings 
provided by spectral and color flow Doppler.^! 19-7! For 
example, regurgitant lesions due to a paravalvular leak 
or a pinhole defect in a bioprosthetic leaflet may be 
missed by TTE and TEE, but can easily be detected by 
color Doppler flow mapping. In addition, pressure gra- 
dient measurements by Doppler are of major relevance 
for assessment of the severity of bioprosthetic valve 
degeneration. Both ultrasonic imaging and Doppler ide- 
ally should be performed for maximal diagnostic sensi- 
tivitv. 

Finally, this study is biased toward prosthetic valves 
with documented abnormalities. Only 24 prostheses 
were classified as normal by direct anatomic inspection. 
Thus, the study design does not enable the definitive 
determination of the specificity of TTE and TEE. 

Conclusions and clinical implications: This study 
represents a large series of patients with proved mor- 
phologic abnormalities of prosthetic valves. TEE, when 
compared with TTE, has increased diagnostic capabili- 
ties for abnormalities of all types of prosthetic valves. It 
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is espe cially prominent vien evaluating mitral —Ü 
and, in particular, mechanical devices. The ability to 
nine the atrial side of mitral prostheses leads to im- 

proved diagnostic capabilities for the detection of throm- 


o Ubi and vegetations. Although the evaluation of aortic 
~ -prostheses by monoplane TEE does not have as high a 
^. diagnostic accuracy as does that of mitral prostheses, 
= advances in instrumentation such as biplane and multi- 


plane TEE transducers should further improve the diag- 
nostic accuracy of this technique. Although TEE is asso- 
ciated with some minor discomfort, it can be easily per- 
formed with minimal risk.*’ Therefore, patients with 
suspected malfunction of prosthetic valves could benefit 
from evaluation by both TTE and TEE. These tech- 
niques provide complementary information that together 


J . with clinical insight, can lead to proper management 


... decisions. 
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interruption of therapy when treatment is resumed. They should be cautioned to 
avoid situations where injury could result should syncope occur during initiation of 
doxazosin therapy. They should also be advised of the need to sit or lie down when 
symptoms of lowered blood pressure occur, although these symptoms are not 
always orthostatic, and to be careful when rising from a sitting or lying position. If 
dizziness, lightheadedness, or palpitations are bothersome they should be reported 
to the physician, so that dose adjustment can be considered. Patients should also 
be told that drowsiness or somnolence can occur with doxazosin, requiring caution 
in people who must drive or operate heavy machinery. 

Drug Interactions: 

Most (98%) of plasma doxazosin is protein bound. /n vitro data in human 
plasma indicate that CARDURA has no effect on protein binding of digoxin, 
warfarin, phenytoin or indomethacin. There is no information on the effect of 
other highly plasma protein bound drugs on doxazosin binding. CARDURA has 
been administered without any evidence of an adverse drug interaction to 
patients receiving thiazide diuretics, beta blocking agents, and nonsteroidal anti- 
inflammatory drugs. 

Drug/Laboratory test interactions: 

None known. 
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Cardiac Toxicity in Animals: 

An increased incidence of myocardial necrosis or fibrosis was displayed by 
Sprague-Dawley rats after 6 months of dietary administration at concentrations 
calculated to provide 80 mg doxazosin/kg/day and after 12 months of dietary 
administration at concentrations calculated to provide 40 mg doxazosin/kg/day 
(150 times the maximum recommended human dose assuming a patient weight of 
60 kg). Myocardial fibrosis was observed in both rats and mice*treated in the same 
manner with 40 mg doxazosin/kg/day for 18 months. No cardiotoxicity was 
observed at lower doses (up to 10 or 20 mg/kg/day, depending on the study) in 
either species. These lesions were not observed after 12 months of oral dosing in 
dogs and Wistar rats at maximum doses of 20 mg/kg/day and-100 mg/kg/day, 
respectively. There is no evidence that similar lesions occur in'numans. 
Carcinogenesis, Mutagenesis and Impairment of Fertility: 

Chronic dietary administration (up to 24 months) of doxazosin mesylate at 
maximally tolerated concentrations (highest dose 40 mg/kg: about 150 times the 
maximum recommended human dose of 16 mg/60 kg) revealed no evidence of 
carcinogenicity in rats. There was also no evidence of carcinogenicity in a 
similarly conducted study (up to 18 months of dietary administration) in mice. 
The mouse study, however, was compromised by the failure to use a maximally 
tolerated dose of doxazosin. 

Mutagenicity studies revealed no drug- or metabolite-relatec effects at either 
chromosomal or subchromosomal levels. 

Studies in rats showed reduced fertility in males treated with doxazosin at oral 
doses of 20 (but not 5 or 10) mg/kg/day, about 75 times the maximum 
recommended human dose. This effect was reversible within two weeks of drug 
withdrawal. 

Pregnancy 

Teratogenic Effects, Pregnancy Category B. Studies in rabbits and rats at daily 
oral doses of up to 40 and 20 mg/kg, respectively (150 and 75 times the 
maximum recommended daily dose of 16 mg, assuming a patient weight of 60 
kg), have revealed no evidence of harm to the fetus. The rabbit study, however, 
was compromised by the failure to use a maximally tolerated dose of doxazosin. 
There are no adequate and well-controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of human response, 
CARDURA should be used during pregnancy only if clearly needed. 

Radioactivity was found to cross the placenta following oraladministration of 
labelled doxazosin to pregnant rats. 

Nonteratogenic Effects. In peri-postnatal studies in rats, postnatal development 
at maternal doses of 40 or 50 mg/kg/day of doxazosin was deiayed as evidenced 
by slower body weight gain and a slightly later appearance of anatomical features 
and reflexes. 

Nursing Mothers 

Studies in lactating rats given a single oral dose of 1 mg/kg of [2-'*C]-doxazosin 
indicate that doxazosin accumulates in rat breast milk with a maximum 
concentration about 20 times greater than the maternal plasma concentration. It 
is not known whether this drug is excreted in human milk. Because many drugs 
are excreted in human milk, caution should be exercised when CARDURA is 
administered to a nursing mother. 

Pediatric Use 

Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

CARDURA has been administered to approximately 4000 patients, of whom 1679 
were included in the clinical development program. In that program, minor 
adverse effects were frequent, but led to discontinuation of treatment in only 7% 
of patients. In placebo-controlled studies adverse effects occurred in 49% and 
40% of patients in the doxazosin and placebo groups, respectively, and led to 
discontinuation in 2% of patients in each group. The major reasons for 
discontinuation were postural effects (2%), edema, malaise/fatigue, and some 
heart rate disturbance, each about 0.795. 

In controlled clinical trials directly comparing CARDURA to placebo there was 
no significant difference in the incidence of side effects, excep! for dizziness 
(including postural), weight gain, somnolence and fatigue / malaise. Postural 
effects and edema appeared to be dose related. 

The prevalence rates presented below are based on combined data from 
placebo-controlled studies involving once daily administratiomof doxazosin at 
doses ranging from 1-16 mg. Table 1 summarizes those adverse experiences 
(possibly/probably related) reported for patients in these studies where the 
prevalence rate in the doxazosin group was at least 0.5% or where the reaction is 
of particular interest. 


TABLE 1 
ADVERSE REACTIONS DURING PLACEBO CONTROLLED STUDIES 
DOXAZOSIN PLACEBO 
(N-339) (N-336) 

CARDIOVASCULAR: Dizziness 19% 9% 
Vertigo 2% 1% 
Postural Hypotension 0.3% 0% 
Edema 4% 3% 
Palpitation 2% 3% 
Arrhythmia 1% 0% 
Hypotension 1% 0% 
Tachycardia 0.3% 1% 
Peripheral Ischemia 0.3% 0% 

SKIN APPENDAGES: Rash 1% 1% 
Pruritus 1% 1% 

MUSCULOSKELETAL: = Arthralgia/Arthritis 1% 0% 
Muscle Weakness 1% 0% 
Myalgia 1% 0% 

CENTRAL & 

PERIPHERAL N.S.: Headache 14% 16% 
Paresthesia 1% 1% 
Kinetic Disorders 1% 0% 
Ataxia 1% 0% 
Hypertonia 1% 0% 
Muscle Cramps 1% 0% 


DOXAZOSIN PLACEBO 
(N=339) (N=336) 
AUTONOMIC: Mouth Dry 2% 2% 
Flushing 1% 0% 
SPECIAL SENSES: Vision Abnormal 2% 1% 
Conjunctivitis/Eye Pain 1% 1% 
Tinnitus 1% 0.3% 
PSYCHIATRIC: Somnolence 5% 1% 
Nervousness 2% 2% 
Depression 1% 1% 
Insomnia 1% 1% 
Sexual Dysfunction 2% 1% 
GASTROINTESTINAL: Nausea 3% 4% 
Diarrhea 2% 3% 
Constipation 1% 1% 
Dyspepsia 1% 1% 
Flatulence 1% 1% 
Abdominal Pain 0% 2% 
Vomiting 0% 1% 
RESPIRATORY: Rhinitis 3% 1% 
Dyspnea 1% 1% 
Epistaxis 1% 0% 
URINARY: Polyuria 2% 0% 
Urinary Incontinence 1% 0% 
Micturation Frequency 0% 2% 
GENERAL: Fatigue/Malaise 12% 6% 
Chest Pain 2% 2% 
Asthenia 1% 1% 
Face Edema 1% 0% 
Pain 2% 2% 


Additional adverse reactions have been reported, but these are, in general, not 
distinguishable from symptoms that might have occurred in the absence of 
exposure to doxazosin. The following adverse reactions occurred with a 
frequency of between 0.5% and 1%: syncope, hypoesthesia, increased sweating, 
agitation, increased weight. The following additional adverse reactions were 
reported by <0.5% of 3960 patients who received doxazosin in controlled or 
open, short- or long-term clinical studies, including international studies. 
Cardiovascular System: angina pectoris, myocardial infarction, cerebrovascular 
accident; Autonomic Nervous System: pallor; Metabolic: thirst, gout, 
hypokalemia; Hematopoietic: lymphadenopathy, purpura; Reproductive System: 
breast pain; Skin Disorders: alopecia, dry skin, eczema; Central Nervous System: 
paresis, tremor, twitching, confusion, migraine, impaired concentration; 
Psychiatric: paroniria, amnesia, emotional lability, abnormal thinking, 
depersonalization; Special Senses: parosmia, earache, taste perversion, 
photophobia, abnormal lacrimation; Gastrointestinal System: increased appetite, 
anorexia, fecal incontinence, gastroenteritis; Respiratory System: bronchospasm, 
sinusitis, coughing, pharyngitis; Urinary System: renal calculus; General Body 
System: hot flushes, back pain, infection, fever/rigors, decreased weight, 
influenza-like symptoms. 

CARDURA has not been associated with any clinically significant changes in 
routine biochemical tests. No clinically relevant adverse effects were noted on 
serum potassium, serum glucose, uric acid, blood urea nitrogen, creatinine or 
liver function tests. CARDURA has been associated with decreases in white 
blood cell counts (See Precautions). 

OVERDOSAGE 

No data are available in regard to overdosage in humans. 

The oral LDso of doxazosin is greater than 1000 mg/kg in mice and rats. The 
most likely manifestation of overdosage would be hypotension, for which the 
usual treatment would be intravenous infusion of fluid. As doxazosin is highly 
protein bound, dialysis would not be indicated. 

DOSAGE AND ADMINISTRATION 

DOSAGE MUST BE INDIVIDUALIZED. The initial dosage of CARDURA in 
hypertensive patients is 1 mg given once daily. This starting dose is intended to 
minimize the frequency of postural hypotension and first dose syncope 
associated with CARDURA. Postural effects are most likely to occur between 2 
and 6 hours after a dose. Therefore blood pressure measurements should be 
taken during this time period after the first dose and with each increase in dose. 
Depending on the individual patient's standing blood pressure response (based 
on measurements taken at 2-6 hours postdose and 24 hours postdose), dosage 
may then be increased to 2 mg and thereafter if necessary to 4 mg, 8 mg and 16 
mg to achieve the desired reduction in blood pressure. Increases in dose 
beyond 4 mg increase the likelihood of excessive postural effects including 
syncope, postural dizziness/vertigo, postural hypotension. At a titrated dose 
of 16 mg once daily the frequency of postural effects is about 12% compared 
to 3% for placebo. 

HOW SUPPLIED 

CARDURA (doxazosin mesylate) is available as colored tablets for oral 
administration. Each tablet contains doxazosin mesylate equivalent to 1 mg 
(white), 2 mg (yellow), 4 mg (orange) or 8 mg (green) of the active constituent, 
doxazosin. 

CARDURA® TABLETS are available as 1 mg (white), 2 mg (yellow), 4 mg 
(orange) and 8 mg (green) scored tablets. 

Bottles of 100: 1 mg (NDC 0049-2750-66), 2 mg (NDC 0049-2760-66), 4 mg 
(NDC 0049-2770-66), 8 mg (NDC 0049-2780-66) 

Recommended Storage: Store below 86°F(30°C). 

CAUTION: Federal law prohibits dispensing without prescription. 
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Color Doppler Echocardiographic Determination 
of Mitral Regurgitant Flow from the 
Proximal Velocity Profile of the Flow 

Convergence Region 


Martin Giesler, MD, Georg Grossmann, MD, Arnold Schmidt, MD, Matthias Kochs, MD, 
Joachim Langhans, MD, Martin Stauch, MD, and Vinzenz Hombach, MD 


Flow rate across an orifice can be determined 
from color Doppler echocardiographic maps of 
the flow convergence region proximal to the ori- 
fice. Different methods have been developed in 
vitro. The proximal velocity profile method was 
prospectively evaluated in patients with mitral 
regurgitation. Color Doppler echocardiography 
was performed in 74 patients before cardiac 
catheterization. The increasing velocities within 
the flow convergence region were determined in 
an apical plane on the straight line from the 
transducer to the leak; thus the proximal velocity 
profile was established and plotted on a nomo- 
gram. Instantaneous regurgitant flow rate was 
derived from the position of the resulting curve 
in relation to the nomogram's reference curves, 
which were derived from in vitro measurements. 
Regurgitant stroke volume was calculated as 
regurgitant flow rate * regurgitant velocity-time 
integral/regurgitant peak velocity, using addition- 
al continuous-wave Doppler. The 55 patients with 
angiographic regurgitation had a close associa- 
tion between regurgitant flow rate (0 to 600 
ml/s) and angiographic grade (Spearman's rank 
correlation coefficient = 0.91; p «0.0001). Regur- 
gitant flow rate did not overlap between grades 
<2+, 3+ and 4+. In 16 patients, regurgitant stroke 
volume by echocardiography correlated well with 
that by the angiography/Fick method (r = 0.88; 
SEE = 17.1 ml), with a regression line close to 
identity (y = 0.89x + 12.7 ml). The proximal veloc- 
ity profile method enables determination of 
mitral regurgitant flow and estimation of regurgi- 
tant volume. 

(Am J Cardiol 1993;71:217-224) 
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fter the introduction of color Doppler echocardi- 
Asa assessment of mitral regurgitation was 
ased on color flow maps of the regurgitant jet 
in the left atrium.'- However, in addition to regurgitant 
flow rate, several other factors affect jet dimensions, 
including image quality, machine setup, driving pressure, 
wall adherence and fluid entrainment."*!? Recent inves- 
tigations focused on the flow convergence region.!^-!* In 
this region on the ventricular side of the mitral valve, 
regurgitant flow concentrically accelerates from all sides 
toward the leak orifice. According to fluid dynamics, the 
flow pattern within the flow convergence region is pre- 
dictable, and the velocity at discrete points of this region 
is linked to regurgitant flow rate. Color Doppler images 
of the flow convergence region provide such local veloc- 
ity information. Different methods have been proposed 
to analyze these color flow maps of the flow conver- 
gence region and to calculate regurgitant flow rate.!^.? 
In this study, we tested the proximal velocity profile 
method that has been developed by in vitro studies.!? 


METHODS 

Study cohort: We prospectively studied 74 patients 
(31 women and 43 men, mean age 60.8 years, range 24 
to 87) in our routine cardiac catheterization schedule. 
For 11 days, we randomly selected 2 patients per day 
(n = 22). Thereafter, we included 52 consecutive patients 
with mitral regurgitation found by color Doppler 
echocardiography. In 59 patients with a mitral regurgi- 
tant color jet, the etiology was as follows: 19 with coro- 
nary artery disease, 16 with rheumatic valve disease, 10 
with mitral valve prolapse, 6 with bacterial endocarditis, 
5 with dilated cardiomyopathy, 2 with aortic stenosis, 
and 1 with mitral prosthetic dysfunction. Thirty-seven 
patients had isolated mitral regurgitation, 13 additional 
mitral stenosis, 3 aortic regurgitation, 4 aortic stenosis, 
| combined aortic valve disease and 1 atrial septal de- 
fect. Fifty-one patients were in sinus rhythm, and 23 had 
atrial fibrillation. 

Echocardiography: THEORETICAL AND EXPERIMENTAL 
BACKGROUND: The concept of the proximal velocity pro- 
file was used to estimate regurgitant flow rate. Its in vitro 
development has been described in detail elsewhere.!? 
Given a jet-parallel scanning direction along the flow 
center line of the flow convergence, flow is parallel to 
the ultrasound beam so that local Doppler shift reflects 
absolute local velocity. The proximal velocity profile 
along this line is a hyperbolic curve that describes the 
convective acceleration toward the leak. Flow pattern 
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" within | the flow - onvergence. can theor tically be 
described by a flow net with stream and isopotential 
lines. The stream lines are independent of flow rate. 
Therefore, flow can change only parallel to the local 
velocity at any point of the flow net (1.e., the local veloc- 
ity at any point is proportional to flow rate). Con- 
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equently, increases. in Tegurg sitant - flow rate shift the 
proximal velocity profil e curve upward, so that its posi- 
tion reflects regurgitant flow rate. 
influenced by orifice size, 
This 
maximal v 





(The curve is also 
which is not known in vivo. 
does not limit the method, because for a given 











velocity [which is approximately the case in 


FIGURE i. A, systolic color Doppler frame of patient with 
severe mitral regurgitation, 3-chamber view. B to J, post- 
processing procedure for determination of proximal veloci- 
ty profile. Special color map was used for clear delineation 
of aiias contour. Blue was eliminated from standard map, 
so that outer margin of yellow represents alias contour. 
Beginning with color baseline in low position (B), it is shift- 
ed upward step by step. Thereby, alias velocity for down- 
warc direction increases progressively. A = anterior mitral 
leaflet; FCR = flow convergence region; L = function leak 
orifice; P = posterior mitral leaflet. 
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8/cm/s 





FIGURE 2. Nomogram for determination of 
regurgitant flow rate (ml/s) from proximal 
velocity profile curve. Curve resulting from 
example in Figure 1 is shown, representing 
flow rate of 350 ml/s. 


velocity (cm/s) 


mitral regurgitation], orifice size is linked to flow rate, 
so that the 2 need not be considered separately.) Flow 
rate is determined by analogy to reference curves. A 
nomogram consists of multiple reference curves from in 
vitro measurements. The proximal velocity profile curve 
of interest is plotted on this nomogram, and flow rate is 
estimated from the position of the curve in relation to 
the reference curves. (Theoretically, the more the in vivo 
geometry deviates from the ideal in vitro conditions, the 
more the in vivo flow net differs from that in vitro, and 
the more inaccurate is this analogy. These conditions 
include a planar orifice, no solid boundaries close to the 
orifice, and a circular orifice contour. However, in vitro 
studies?” concerning the influence of these parameters on 
flow convergence suggest that the use of this nomogram 
in mitral regurgitation should not result in major inac- 
curacy. The nomogram originally ranged up to 300 
ml/s!9; for this study, it was extrapolated to 600 ml/s.) 
IMAGING: All echocardiographic examinations were 
performed by the same experienced investigator <6 
hours before catheterization (ATL ultramark 9 system, 3 
MHz phased array and 2.25 MHz pencil scanhead). The 
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TABLE | Angiographic Grade 
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ctra. The. size of the colo window was 
s ae nimized do ; maintain the frame rate at a high level 
5: (generally »18 H: ). Pulse repetition fegwmy. "Was 
2,500 to 8,000 Hz at a wall filter of 200 to 600 Hz. The | 













Reg. Vol./ Reg. Vol./ Reg. Index Reg. Ls 
. Qpyp (ml/s)— Beat (mI)-— Min (L/min)-— (L/min/m?)— Fraction (25) — ROAcH — | x 
n2 74 nz 44 f= 43 n= 4] . n= 42 so n-m*44. od] 


0.74 (0--8) EE t s Xe wd 
14:2 (0-25) 6.4 (2.7—10.6) 0.41 (0.16—0.68) 0.3 (0.19—0.40) 8.9 (2. 7-16.3) 3.6 (1.6-5.3) — 
23 (8-58) 8.9 (2.6—20.0) 0.6 (0.16—1.60) 0.3 (0.1—0.7) .9(31-167) ^ 4,6(1.2-10.0) 
371(8-88) . 13.8 (1.9—25.0) 1.2 (0.15-2.90) 0.7 (0.1-1.8) 22(2.4-390) 9.3 (3-18) 
48 (13-85) 14.9 (4.8-29.0) 1 (0.49—1.40) 0.52 (0.3—0.8) 21 (16-30) 8.9 (4.1—14.0) 
92 (50-144) 25.6 (13-38) 2.2 (1.0-3.5) 1.3 (0.55-2.00) 35 (28-45) 20 (12—28) 
159 (125-217) 48.8 (25-64) 4.2 (2.4—6.0) 2.25 (1.2-3.4) 47 (33-55) 36 (30-47) 
277 (169—400) 72 (48—92) 6.6 (3.6—10.3) 4 (1.8—7.7) 59 (42—74) 70 (30-110) 
360 (263—600) 91 (69—119) 8.2 (5.5—12.0) 4.9 (3.4-7.1) 69(64—76) . 81 (46-120) "m 


= effective regurgitant orifice area; Val. volume. | 
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r the lea, discite velecilios were located : by the alias 
method!? using postprocessing color baseline shift (Fig- 
ures 1 and 2). Velocities below the wall filter cutoff were 
excluded. The distance from the discrete velocity to the 
leak was measured on the screen. Thus, the proximal 
velocity profile across the flow convergence was es- 
tablished; it was plotted on the nomogram, and regurgi- 


tant flow rate was determined. Velocity profiles that | 


TABLE Ili Regurgitant Volumes Versus Angiographic Grade 


Regurgitant i index (iiters/ min/ mê) 


Angio Croft et a3 
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+ 1.4 (0-4 . 
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Angio = angiographic grade. . 


(m1) 


PVP method 





ume by angiography /Fick (angie Fick) EN MEL 
method. b, difference in PVP- and angio- — | 2 
Fick-d i stant stroke volume (y 
axis) versus average of both (x axis). 





(m1) 


difference PVP - angio-Fick 


“erossa 5 $1  fefereonce & curve were excluded. Three (s 
thythm) to 5 (atrial fibrillation) beats were ee 


be measured. For calculation of the regurgitant volume, 


“This Study 


“03+ 0.2 (0.08-0. 70) 
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2.3 x 0.8 (1.2-3.4) 
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Studies from literature rating vga index and fraction to. PEPEE grade in comparison with our resuits. 
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Variability: In 24 randomly selected cases, the anal- 
ysis was repeated by the same investigator and a blind- — 
ed second investigator from redigitized video records >6 
weeks after the first analysis. __ 

CONTINUOUS-WAVE DOPPLER ANALYSIS: In 44 patients, 
the velocity-time integral and ‘systolic peak velocity of 
the regurgitant continuous-wave Doppler spectra could 


 Regurgitant Fraction (%) 


© Rokeyetal?4 This Study- 


22 + 13 (13-36) 9&6 (3-17), 
55 + 13 (38-72) 21 + 7 (15-30) 
49 + 12 (40-67). 47 + 9 (33-55) 
13 (42-79) ` 69 + 4 (64-76) 
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Sandier et ai?5 Sandler et al 
Morch et al28 133Xenon infusion 
Biumlein et ai?? Sandler et al 
Echocardiography 
(2-dimensional/Doppler} 
RNV 
Jenni et alS° Sandier et al 
Dittmann et al?! Sandler et al 
Echocardiography 
(2-dimensional/Doppler) 
This study PVP method 


we assumed the effective leak orifice area to be constant 
during regurgitation time. Given this assumption, the 
systolic time course of the regurgitant flow rate is pro- 
portional to that of the continuous-wave Doppler veloci- 
ty. The frame with the largest flow convergence was 
assumed to reflect the peak of regurgitant flow, so that 
regurgitant stroke volume could be calculated as: regur- 
gitant stroke volume = Qpyp * velocity-time integral/ 
peak velocity (continuous-wave Doppler), where 
Qpvp = regurgitant flow rate determined from proximal 
velocity profile. We further calculated: regurgitant vol- 
ume/min = heart rate * regurgitant stroke volume; re- 
gurgitant fraction = regurgitant volume/min/(regurgitant 
volume/min + cardiac output by Fick); and effective 
regurgitant orifice area = Qpyp/peak velocity (continu- 
ous-wave Doppler). 

Cardiac catheterization: ANGIOGRAPHIC GRADE: 
Standard biplane cineangiographic left ventriculography 
was performed (3€? right anterior oblique and 60° left 
anterior oblique projections, and 40 to 45 ml of lopro- 
mid at 18 ml/s). Mzral regurgitation was Bae accord- 
ing to Sellers et al^! independently by 2 blinded, expe- 
rienced investigators (Table I). 

REGURGITANT VOLUME: We determined mitral regur- 
gitant stroke volume as angiographic’? minus Fick-de- 
rived stroke volume. This was possible in 26 patients 
(angiogram with good contrast and without repeated pre- 
mature ventricular contractions, and no aortic regur- 
gitation or shunt lesion). Angiographic stroke volume of 
3 successive beats was averaged in case of atrial fibrilla- 
tion. In 6 patients without angiographic mitral regurgi- 
tation, the regurgitant volume was 3.1 ml (-18.9 to 
27.6). In 16 patients with angiographic mitral regurgi- 
tation, regurgitant stroke volume could be measured by 
the proximal velocity profile method (as previously de- 
scribed). 

Statistics: Results are expressed as mean + SD 
(minimum-maximum). We used Spearman’s rank cor- 
relation (regurgitant flow rate vs angiographic grade) and 
linear regression analysis (regurgitant stroke volumes by 
echocardiography vs angiography/Fick). 


RESULTS 
Presence of a flow convergence signal: A flow 
convergence signal, a color Doppler jet and angio- 


| TABLE IV. Regurgitant Volumes from Literature —- 


Summary of several other studies concerning regurgitant volumes and fraction without relation to angiographic grade 
compared with our results. Range of regurgitant volumes is in accordante with our measurement, 
PVP = proximal velocity profile; RNV = radionuclide ventriculograpPy; other abbreviations as in Table H. 
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3-156 0.18-14.00 
0.01—12.00 
«145 13-81 
0-101 0-81 
0-70 
S77 
28-185 24—79 
12-182 16-80 






graphic mitral regurgitation were detected in 54 patients. 
Both false-positive patients (flow convergence signal 
with regurgitant flow rate =6 and 8 ml/s, respectively, 
but no angiographic mitral regurgitation) had a color jet 
in the left atrium, whereas the only false-negative patient 
(angiographic grade 0/14) did not. 

Regurgitant flow rate: We found a close associa- 
tior. between regurgitant flow rate (proximal velocity 
profile method) and angiographic grade (Figure 3 and 
Table II). In the 25 patients with angiographic regurgi- 
tatien and interobserver agreement, regurgitant flow rate 
Was significantly correlated to angiographic grade (Spear 
man's rank correlation coefficient = 0.91; p <0. 0001). 

Regurgitant volume: Regurgitant volumes and frac- 
tior derived from the proximal velocity profile showed 
a close association to angiographic grade (Figure 4 and 
Table H). In 16 patients in whom all the necessary mea- 
surements could be obtained, there was a significant cor- 
relation between regurgitant stroke volume by the 
angiography/Fick method and that derived from the 
proximal velocity profile (r 20.88, SEE 17.1 ml; re- 
gression line: y = 0.89x + 1277 ml). 

Variability: The correlations between the measure- 
ments were as follows: intraobserver — r = 0.987, SEE 
21 ml/s, regression line y = 0.994x + 2.16 ml/s; and 
interobserver — r = 0.984, SEE 237 ml/s, regression. 
line y = 1.09x + 0.5 ml/s. | 


DISCUSSION 

Regurgitant flow rate and angiographic grade: 
The close association between regurgitant flow rate and 
angiographic grade validates the proximal velocity pro- 
file method for clinical use in mitral regurgitation. The 
values for regurgitant flow rate overlapped between 
grades 1+ and 2+, but they enabled discrimination of 
grade S24 from 23+ and <3+ from 4+. Because of the 
wide range of regurgitant flow rate, moderate inaccura- 
cy m its determination is unlikely to cause clinically rel- 
evant error. In these aspects, the proximal velocity pro- 
file method appears superior to the assessment of mitral | 
regurgitation from the left atrial color jet dimen-.. 
sions, ^9 where discrimination of grade <2+ from 23+. — 
is not possible. Some studies showed overlapping jet- 
areas between grades 1+ and 4+. The absolute values of 
jet dimensions for different angiographic grades are so 
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dose together that minor inaccuracy can result i in clini- —— ' 
tance from. the alias contour to the leak orifice causes a 


_ cally relevant error. 

Quantitative reference measurements: MEASURE. 
MENTS OF THIS STUDY: The regurgitant stroke volume by 
the proximal velocity profile method correlates well with 
that by the angiography/Fick method. The regression 
line was close to the line of identity, suggesting accurate 
absolute values of regurgitant stroke volume. We con- 
clude that the absolute values of regurgitant flow rate are 
accurate, as well. It is unlikely that the calculation pro- 
cedure from regurgitant flow rate to regurgitant stroke 
volume (previously described) may have corrected for a 
major error. 

REGURGITANT VOLUMES BY OTHER METHODS: For 
grades 3+ and 4+, the results are in complete accordance 
with other studies??? where regurgitant volumes were 
related to angiographic grade (Table III). Those studies 
determined regurgitant stroke volume as the difference 
between angiographic total stroke volume and forward 
stroke volume by the Fick or thermodilution method.?? 
The inaccuracy of these measurements limits the value 
of this method in the individual case.79 Consequently, 
negative values of regurgitant volume should be expect- 
ed in some mild cases. The fact that those studies did 
not find any negative values suggests that the mean val- 
ues for grades 1+ and 2+ were too high, which would 
explain the discrepancy with our results. However, our 
values may be too low in grades 1+ and 2+. Although 
this comparison does not confirm the absolute value in 
the individual case, it suggests that the proximal veloc- 
ity profile method is unlikely to have a major systemat- 
ic error. Table IV summarizes further studies. 

. Comparison with other flow convergence stud- 
ies: Before the proximal velocity profile method, other 
investigators described the proximal isovelocity surface 


E area method as a simple way to analyze color Doppler 


images of the flow convergence region.'? (Only 1 dis- 
crete velocity is located within the flow convergence col- 
or map. This discrete velocity dimension is assumed for 
every point of a hemispheric isovelocity surface. Flow 
rate is calculated as Qpis4 = Aw) * v, where QpisA = flow 
rate by proximal isovelocity surface area method, 
A= surface area of the assumed isovelocity hemisphere, 
and v = discrete velocity defining the isovelocity hemi- 
sphere. In vivo, a satisfactory correlation with invasive 
measurements has been shown for flow across ventricular 
septal defects and mitral valve leaks." Using this 
method, Bargiggia et al" found much greater regurgitant 
flow rates than we did. This discrepancy needs further 
clarification. However, the proximal velocity profile 
method results in more plausible absolute values. The 
proximal isovelocity surface area method has 2 limitations: 
Only | point of the flow convergence color map is ana- 
lyzed. An overly simplistic model of the convergence flow 
net is used that is unrealistic, because hemispheres with a 
radius >15 to 20 mm do not fit between the ventricular 


| walls and flow in the outflow tract. In contrast, the prox- 


-— imal velocity profile method represents a better use of the 
velocity information contained in the color map, because 


5 - all points are considered where flow is parallel to the ultra- 
>> sound beam. The analysis is restricted to a distance «15 


mm proximal to the leak orifice. 








dy limitations: An minor error in the | Aiie dis- we 


considerable error in the resultant regurgitant flow rate. 
Figure 2 shows how a difference of 1 mm can easily cause 
a difference in regurgitant flow rate of 20%. This sensi- 
tivity to inaccurate distance measurement is an inherent 
limitation of any flow convergence method at present. 1549 
Therefore, in some patients, the difficulty in locating the 
leak orifice should be considered a source of inaccuracy. 
This is not a major limitation for the clinical use in mitral 
regurgitation, where even an error of 30% would not result 
in coarse clinical misinterpretation. When the functional 
leak orifice cannot be located precisely in the 2-dimen- 
sional color flow image, some additional information can 
be obtained from the color map; by increasing the alias 
velocity step by step (postprocess color baseline shift), the 
alias contour progressively contracts toward the function- 
al leak orifice. In some cases, the second alias contour is 
seen, which enables an even closer localization (Figure 1). 
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Now you can help increase survival 

and prevent hospitalizations in many 

early symptomatic heart failure patients 
with Left Ventricular Dysfunction 


SOLVD 


Results from the largest and longest 
heart failure trial to date 

are in. And they demonstrate 

that enalapril — usually in 
combination with conventional 
therapy* — is superior to 
conventional therapy alone in 
increasing survival and preventing 
hospitalizations in symptomatic 
mild-to-moderate heart failure with 
left ventricular dysfunction (LVD).' 


SOLVD — a 4-year survival 
study of enalapril in mild- 
to-moderate heart failure 
(n=2569) 


The Studies of Left Ventricular 
Dysfunction (SOLVD) Treatment 
Trial, conducted by the NIH, 
evaluated 2569 heart failure 
patients (98% NYHA Classes I 
through III) with ejection fractions 
<0.35. These patients were selected 
from over 39,000 screened patients. 
(Another 4228 patients who were 
asymptomatic were selected for 

a second SOLVD trial and 6336 
patients with ejection fractions 
<0.45 were included in a registry.) 
Diseases that excluded patients 
from enrollment in the Treatment 
Trial included severe stable 
angina (>2 attacks/day), 
hemodynamically significant 
valvular or outflow tract obstruc- 
tion, renal failure (creatinine >2.5 
mg/dL), cerebral vascular disease 
(e.g., significant carotid artery 
disease), advanced pulmonary 


disease, malignancies, active 
myocarditis, and constrictive 
pericarditis. 


This double-blind, placebo- 
controlled, multicenter trial lasted 
4 years (average follow-up was 
41.4 months). All patients received 
conventional therapy and were 
randomized to add either enalapril 
or placebo. 


Patients live longer 


SOLVD demonstrated a clear 
survival benefit for many of these 
symptomatic patients receiving 
enalapril compared with 
conventional therapy alone. All- 
cause mortality was reduced 11%. 
The largest mortality reduction 
occurred in deaths due to heart 
failure progression...a risk 
reduction of 22%. 


Cumulative Mortality 
„Due to Heart Failure Progression 
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conventional 
therapy 


22% risk reduction 
p=0.0045 
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Difference in mortality as early as 
3 months 

Mortality reductions with enalapril 
were observed as early as 3 months 






and throughout the entire study. 
The greatest benefit occurred 
during the first 24 months (19% 
reduction at the end of 24 months). 


Patients hospitalized less 


SOLVD demonstrated that 
enalapril reduced the number of 
hospitalizations for heart failure 
by 30% (p<0.001) — and that 

it reduced the number of 
readmissions by 33% (p«0.001). 


The authors noted: for every 
1000 heart failure patients 
similar to those in the study, 
350 hospitalizations could be 
prevented over 3 years by 
adding enalapril. 


The impact on your practice 
and your patients 


By adding VASOTEC early to 
conventional therapy, you can help 
to significantly improve symptoms, 
increase survival, and prevent 
hospitalizations in many of your 
patients with symptomatic mild-to- 
moderate heart failure with LVD. 
The earlier you prescribe VASOTEC 
in appropriate patients, the sooner 
they may realize the benefits 
demonstrated in the SOLVD study. 


VASOTEC 





(ENAL 
perc 


YAAN 





In Symptomatic 
Heart Failure, 
Usually with 
Diuretics 

and Digitalis 





*Diuretics (86% of patients in the enalapril group; 85% 
in the placebo group) and digitalis (66% of patients in 
the enalapril group; 68% in the placebo group), as 
well as drugs other than ACE inhibitors. 

1. The SOLVD Investigators: Effect of enalapril on 
survival in patients with reduced left ventricular 

ejection fractions and congestive heart failure, N. 
Engl. J. Med. 325(5):293-302, August 1, 1991. 
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VASOTEC is contraindicated in patients 
who are hypersensitive to this product and 
in patients with a history of angioedema 
related to previous treatment with an ACE 
inhibitor. 

For a Brief Summary of Prescribing Information, 
please see the following page. 





When used in pregnancy during the second 


| should be discontinued as soon as possible. 





USE IN PREGNANCY 


and third trimesters, ACE inhibitors can cause 
injury and even death to the developing fetus. 
When pregnancy is detected, VASOTEC 


See WARNINGS, Fetal/Neonatal Morbidity 
and Mortality. 
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VASOTEC” (ENALAPRIL MALEATE) 





Contraindications: VASOTEC is contraindicated in patients who are hypersensitive to this product 
and in patients with a history of angioedema related to previous treatment with an ACE inhibitor. 


Warnings: Angioedema: Angicedema of the face, extremities, lips, tongue, glottis, and/or larynx has been 
reported in patients treated with ACE inhibitors, including VASOTEC. In such cases. VASOTEC should be 
promptly discontinued and appropriate therapy and monitoring should be provided until complete and 
sustained resolution of signs and symptoms has occurred. in instances where swelling has been confined 
to the face and lips, the condition has generally resolved without treatment, although antihistamines have 
been useful in relieving symptoms. Angicedema associated with laryngeal edema may be fatal. Where 
there is involvement of the tongue, glottis, or larynx likely to cause airway obstruction, appropriate 
therapy, e.g., subcutanecus epinephrine solution 1:1000 (0.3 mL to 0.5 mL) and/or measures 
necessary to ensure a patent airway, should be promptly provided. (See ADVERSE REACTIONS.) 


Patients with a history of angioedema unrelated to ACE inhibitor Usted may be at increased risk of 
angioedema while receiving an ACE inhibitor (see also CONTRAINDICATIONS). 


Hypotension: Excessive hypotension is rare in uncomplicated hypertensive patients treated with VASOTEC 
alone. Patients with heart failure given VASOTEC commonly have some reduction in blood pressure, 
especially with the first dose, but discontinuation of therapy for continuing symptomatic hypotension 
usually is not necessary when dosing instructions are followed; caution should be observed when initiating 
therapy. (See DOSAGE AND ADMINISTRATION.) Patients at risk for excessive hypotension, sometimes 
associated with oliguria and/or progressive azotemia and rarely with acute renal failure and/or death, include 
those with the following conditions or characteristics: heart failure, hyponatremia, high-dose diuretic 
therapy, recent intensive diuresis or increase in diuretic dose, renal dialysis, or severe volume and/or salt 
depletion of any etiology. It may be advisable to eliminate the diuretic (except in patients with heart failure), 
reduce the diuretic dose, or increase salt intake ola before initiating therapy with VASOTEC in 
patients at risk for excessive potaso who are able to tolerate such adjustments. (See PRECAUTIONS, 
Drug interactions and ADVERSE REACTIONS.) in patients at risk for excessive hypotension, therapy should 
be started under very close medical supervision and such patients should be followed closely for the first 
two weeks of treatment and whenever the dose of enalapril and/or diuretic is increased. Similar 
considerations may apply to patients with ischemic heart or cerebrovascular disease, in whom an excessive 
fall in blood pressure could result in a myocardial infarction or cerebrovascular accident. 


if excessive hypotension occurs, the patient should be placed in the supine position and, if necessary, 
receive an intravenous infusion of normal saline. A transient hypotensive response is not a contraindication 
to further doses of VASOTEC, which usually can be given without difficulty once the blood pressure has 
stabilized. if symptomatic hypotension develops, a dose reduction or discontinuation of VASOTEC or 
concomitant diuretic may be necessary. 


Neutropenia/Agranulocytosis: Another ACE inhibitor, captopril, has been shown to cause agranulocytosis 
and bone marrow depression, rarely in uncomplicated patients but more frequently in patients with renal 
impairment, especially if they also have a collagen vascular disease, Availabie data from clinical trials of 
enalapril are insufficient to show that enalapril does not cause agranulocytosis at similar rates. Foreign 
marketing experience has revealed severa: cases of neutropenia or agranulocytosis in which a causal 
relationship to enalapril cannot be excluded. Periodic monitoring of white blood cell counts in patients with 
collagen vascular disease and renal disease should be considered. 


Fetal/Neonata! Morbidity and Mortality: ACE inhibitors can cause fetal and neonatal morbidity and death 
when administered to pregnant women. Several dozen cases have been reported in the world literature. 
When pregnancy is detected, ACE inhibitors should be discontinued as soon as possible. 


The use of ACE inhibitors during the second and third trimesters of pregnancy has been associated with 
fetal and neonatal injury, including hypotension, neonatal skull hypoplasia, anuria, reversible or irreversible 
renal failure, and death. Oligohydramnios has also been reported, presumably resulting from decreased fetai 
renal function; oligohydramnios in this setting has been associated with fetal limb contractures, craniofacial 
deformation, and hypoplastic lung development. Prematurity, intrauterine growth retardation, and patent 
ductus arteriosus have also been reported, although it is not clear whether these occurrences were due to 
the ACE-inhibitot exposure. 


These adverse effects do not appear to have resulted from intrauterine ACE-inhibitor exposure that has been 
limited to the first trimester. Mothers whose embryos and fetuses are exposed to ACE inhibitors only 
during the first trimester should be so informed. Nonetheless, when patients become pregnant, physicians 
should make every effort to discontinue the use of VASOTEC as soon as possible. 


Rarely (probably less often than once in every thousand pregnancies), no alternative to ACE inhibitors will 
be found. in these rare cases, the mothers should be apprised of the potential hazards to their fetuses, and 
serial ultrasound examinations should be performed to assess the intraamniotic environment. 


if oligohydramnios is observed, VASOTEC should be discontinued unless it is considered life-saving for the 
mother. Contraction stress testing (CST), a non-stress test (NST), or biophysical profiling (BPP) may be 
appropriate, depending upon the week of pregnancy. Patients and physicians should be aware, however. 
that oligohydramnios may not appear until after the fetus has sustained irreversible injury. 


Infants with histories of in utero exposure to ACE inhibitors should be closely observed for hypotension, 
oliguria, and hyperkalemia. If oliguria occurs. attention should be directed toward support of blood pressure 
and renal perfusion. Exchange transfusion or dialysis may be required as means of reversing hypotension 
and/or substituting for disordered renal function. Enalapril, which crosses the placenta, has been removed 
from neonatal circulation by peritoneal dialysis with some clinical benefit, and theoretically may be removed 
by exchange transfusion, although there is no experience with the latter procedure. 


No teratogenic effects of enalapril were seen in studies of pregnant rats and rabbits. On a mg/kg basis, the 
doses used were up to 333 times (in rats) and 50 times (in rabbits) the maximum recommended human dose. 


Precautions: General: impaired Renal Function: As a consequence of inhibiting the renin-angiotensin- 
aldosterone Tm changes in renal function may be anticipated in susceptible individuals. in patients with 
severe heart failure whose renal function may depend on the activity of the renin-angiotensin-aldosterone 
system, treatment with ACE inhibitors, including VASOTEC, may be associated with oliguria and/or 
progressive azotemia and rarely with acute renal failure and/or death. 


In clinical studies in hypertensive patients with unilateral or bilateral renal artery stenosis, increases in blood 
urea nitrogen and serum creatinine were observed in 20% of patients. These increases were almost always 
reversible upon discontinuation of enalapril and/or diuretic therapy. in such patients, renal function shouid 
be monitored during the first few weeks of therapy. 


Some patients with hypertension or heart failure with no apparent preexisting renal vascular disease have 
developed increases in blood urea and serum creatinine, usually minor and transient, especially when 
VASOTEC has been given concomitantly with a diuretic, This is more likely to occur in patients with preexisting 
renal impairment. Dosage reduction and/or discontinuation of the diuretic and/or VASOTEC may be required. 


Evaluation of patients with hypertension or heart failure should always include assessment of renal 
function. (See DOSAGE AND ADMINISTRATION.) 


Hemodialysis Patients: Anaphylactoid reactions have been agen in patients dialyzed with high-flux 
membranes (e.g., AN 69") and treated concomitantly with an ACE inhibitor. In these patients consideration 
should be given to using a different type of dialysis membrane or a different class of antihypertensive agent. 


Hyperkalemia: Elevated serum potassium (»5.7 mEq/L} was observed in approximately 1% of hypertensive 
patients in clinical trials. in most cases these were isolated values which resolved despite continued therapy. 
Hyperkalemia was a cause of discontinuation of therapy in 0.28% of hypertensive patients. In clinical trials in 
heart failure, hyperkalemia was observed in 3.5% of patients, but was not a cause for discontinuation. 


Risk factors for the development of hyperkalemia include renal insufficiency, diabetes mellitus, and the 
concomitant use of potassium-sparing diuretics, potassium supplements, and/or potassium-containing salt 
substitutes, which should be used cautiously, if at all, with VASOTEC. (See Drug interactions.) 


Cough: Cough has been reported with the use of ACE inhibitors. Characteristically, the cough is 
nonproductive, persistent and resolves after ciscontinuation of therapy. ACE inhibitor-induced cough should 
be considered as part of the differential diagnosis of cough. 


Surgery/Anesthesia: |n patients undergoing major surgery or during anesthesia with agents that produce 
hypotension, enalapril may block angiotensin |i formation secondary to compensatory renin release. |f 
hypotension occurs and is considered to be due to this mechanism, it can be corrected by volume expansion. 


information for Patients: Angioedema.: Angioedema, including laryngeal edema, may occur especially 
following the first dose of enalapril. Patients should be so advised and told to report immediately any signs 
or symptoms suggesting angioedema (swelling of face, extremities, eyes, lips. tongue, difficulty in 
swallowing or breathing} and to take no more drug until they have consulted with the prescribing physician. 


Hypotension: Patients should be cautioned to report lightheadedness, especially during the first few days of 
therapy. if actual syncope occurs, the patients should be told to discontinue the drug until they have 
consulted with the prescribing physician. 


“Registered trademark of Hospai Ltd. 


Ail patients: should be cautioned that excessive perspiration and dehydration may lead to an excessive fall in 
blood pressure because of reduction in fluid volume. Other causes of volume depletion such as vomiting or 
diarrhea may also lead to a fall in blood pressure; patients should be advised to consult with the physician. 


Hyperkalermia. Patients should be toid not to use salt substitutes containing potassium without consulting 
their physieian. 

Neutropenia; Patients should be told to report promptly any indication of infection (e.g., sore throat. fever) 
which may De a sign of neutropenia. 


Pregnaney Female patients of childbearing age should be told about the consequences of second- and 
third-trimester exposure to ACE inhibitors, and they should also be told that these consequences do not 
appear to have resulted from intrauterine ACE-inhibitor exposure that has been limited to the first trimester. 
These patients should be asked to report pregnancies to their physicians as soon as possible. 


NOTE: As with many other drugs, certain advice to patients being treated with enalapril is warranted. This 
information is intended to aid in the safe and effective use of this medication. it is not a disclosure of ali 
possible adverse or intended effects. 


Drug interactions: Hypotension: Patients on Diurelic Therapy: Patients on diuretics and especially those in 
whom diuretic therapy was recently instituted may occasionally experience an excessive reduction of blood 
pressure after initiation of therapy with enalapril. The possibility of hypotensive effects with enalapril can be 
minimized ay either discontinuing the diuretic or increasing the salt intake prior to initiation of treatment 
with enalapril. if it is necessary to continue the diuretic, provide close medical supervision after the initial 
dose for at least two hours and until blood pressure has stabilized for at least an additional hour. (See 
WARNINGS and DOSAGE AND ADMINISTRATION.) 


Agents Causing Renin Release: The antihypertensive effect of VASOTEC* (Enalapri! Maleate) is augmented 
by antihypertensive agents that cause renin release (e.g., diuretics). 


Other Cardiovascular Agents: VASOTEC has been used concomitantly with beta-adrenergic-blocking agents, 
methyldopa, nitrates, calcium-blocking agents, hydralazine, prazosin, and digoxin without evidence of 
clinically significant adverse interactions. 


Agents Increasing Serum Potassium: VASOTEC attenuates potassium loss caused by thiazide-type 
diuretics. ^otassium-sparing diuretics (e.g., spironolactone, triamterene, or amiloride}. potassium 
supplements, or potassium-containing sait substitutes may lead to significant increases in serum 
potassium: Therefore, if concomitant use of these agents is indicated because of demonstrated 
hypokalemia, they should be used with caution and with frequent monitoring of serum potassium. 
Potassium-sparíng agents should generaly not be used in patients with heart failure receiving VASOTEC. 


Lithium: Lithium toxicity has been reported in patients receiving lithium concomitantly with drugs which 
cause elimination of sodium, including ACE inhibitors. A few cases of lithium toxicity have been reported in 
patients reseiving concomitant VASOTEC and lithium and were reversible upon discontinuation of both 
drugs. H is. recommended that serum lithium levels be monitored frequently if enalapril is administered 
concomitantly with lithium. 


Pregnancy-Pregnancy Categories C (first trimester) and D (second and third trimesters). See WARNINGS, 
Fetai/Neonzal Morbidity and Mortality. 


Nursing Methers: eae and enalaprilat are detected in human milk in trace amounts. Caution should be 
exercised when VASOTEC is given to a nursing mother. 


Pediatric Use: Safety and effectiveness in children have not been established. 


Adverse Reactions: VASOTEC has been evaluated for safety in more than 10,000 patients, including over 
1000 patients treated for one year or more. VASOTEC has been found to be generally weil tolerated in 
controlled cinical trials involving 2987 patients. 


HYPERTENSION: The most frequent clinical adverse experiences in controlled trials were: headache (5.2%), 
dizziness (4:395), and fatigue (3%). 

Other adverse experiences occurring in greater than 1% of patients treated with VASOTEC in controlled 
clinical trials were: diarrhea (1.4%), nausea (1.4%), rash (1.4%), cough (1.396), orthostatic effects (1.2%), 
and asthenis (1.4%). 

HEART FAURE: The most frequent clinical adverse experiences in both controlled and uncontrolled trials 
were: dizzirass and hypotension (6.7%), orthostatic effects (2.2%), syncope (2.2%), cough (2.2%), 
chest pain (2.195), and diarrhea (2.1%). 

Other adverse experiences occurring in greater than 1% of patients treated with VASOTEC in both controlled and 
uncontrolled clinical trials were: fatigue (1.8%), headache (1.8%), abdominal pain ( 6%), asthenia i E 
orthostatic Sb ata (1.6%), vertigo (1.6%), angina pectoris (1.5%), nausea (1.376), vomiting (1.3%), 
bronchitis (12395), dyspnea (1.3%), urinary tract infection (1.3%), rash (1.3%), and myocardial infarction (1.296). 
Other seriows clinical adverse experiences occurring since the drug was marketed or adverse experiences 
occurring irs.5% to 1% of patients with hypertension or heart failure in clinical trials in order of decreasing 
severity within each category: 


Body As A Whole: Anaphylactoid reactions (see PRECAUTIONS, Hemodialysis Patients). 


Cardiovascefar: Cardiac arrest; myocardial infarction or cerebrovascular accident, possibly secondary to 
excessive hypotension in high-risk patients (see WARNINGS, Hypotension), pulmonary embolism and 
infarction; pulmonary edema; rhythm disturbances including atrial tachycardia and bradycardia: atrial 
fibrillation; palpitation. 

Digestive: sus, pancreatitis, hepatic failure, hepatitis soe eed [proven on rechallenge] or cholestatic 
jaundice}, melena, anorexia, dyspepsia, constipation, glossitis, stomatitis, dry mouth. 


Musculoskestal: Muscle cramps. 
Nervous/Psschiatric: Depression, confusion, ataxia, somnolence, insomnia, nervousness, paresthesia. 
Respiratory Bronchospasm, rhinorrhea, sore throat and hoarseness, asthma, upper respiratory infection. 


Skin: Exfoliative dermatitis, toxic epidermal necrolysis, Stevens-Johnson syndrome, herpes zoster, 
erythema multiforme, urticaria, pruritus, alopecia, flushing, diaphoresis. 


Special Senses: Blurred vision, taste alteration, anosmia, tinnitus, conjunctivitis, dry eyes, tearing. 


Urogenita" Renal failure, oliguria, renal dysfunction (see PRECAUTIONS and DOSAGE AND 
ADMINISTRATION), flank pain, gynecomastia, impotence. 


A symptom: complex has been reported which may include a positive ANA, an elevated erythrocyte 
sedimentation rate, arthralgia/arthritis, myalgia, fever, serositis, vasculitis, leukocytosis, eosinophilia, 
photosensitirity, rash, and other dermatologic manifestations. 


Angioedems: Angioedema has been reported in patients receiving VASOTEC (0.295), Angioedema 
associated with laryngeal edema may be fatal. if angioedema of the face, extremities, lips, tongue, glottis, 
and/or larynx occurs, treatment with VASOTEC should be discontinued and appropriate therapy instituted 
immediately (See WARNINGS.) 


Hypotensior: in the hypertensive patients, hypotension occurred in 0.9% and syncope occurred in 0.5% of 
patients follewing the initial dose or during extended therapy. Hypotension or syncope was a cause for 
discontinuation of therapy in 0.1% of hypertensive patients. in heart failure patients, hypotension occurred 
in 6.7% and syncope occurred in 2.2% of patients. Hypotension or syncope was a cause for discontinuation 
of therapy in 1.9% of patients with heart failure. (See WARNINGS.) 


Fetal/Neonatal Morbidity and Mortality: See WARNINGS, Fetal/Neonatal Morbidity and Mortality. 
Cough: See PRECAUTIONS, Cough. 
Clinical Labcratory Test Findings: Serum Electrolytes: Hyperkalemia (see PRECAUTIONS), hyponatremia. 


Creatinine, Blood Urea Nitrogen: in controlled clinical trials, minor increases in blood urea nitrogen and 
serum creatinine, reversible upon discontinuation of therapy, were observed in about 0.2% of patients with 
essential hypertension treated with VASOTEC alone. Increases are more likely to occur in patients receiving 
concomitantdiuretics or in patients with renal artery stenosis. (See PRECAUTIONS.) In patients with heart 
failure who were also receiving diuretics with or without digitalis, increases in blood urea nitrogen or serum 
creatinine, usually reversible upon discontinuation of VASOTEC and/or other concomitant diuretic therapy, 
were observed in about 11% of patients. Increases in blood urea nitrogen or creatinine were a cause for 
discontinuation in 1.2% of patients. 


Hemoglobir. and Hematocrit Small decreases in hemoglobin and hematocrit (mean decreases of 
approximately 0.3 g % and 1.0 vol 95, ERNE occur frequently in either hypertension or congestive 
heart failure patients treated with VASOTEC but are rarely of clinical importance uniess another cause ol 
anemia coexists. In clinical trials, less than 0.1% of patients discontinued therapy due to anemia. 


Other (Causal Relationship Unknown): in marketing experience, rare cases of neutropenia, 
thrombocytepenia, and bone marrow depression have been reported. A few cases of hemolysis have been 
reported in patients with G6PD deficiency. 


Liver Functicn Tests: Elevations of liver enzymes and/or serum bilirubin have occurred. 
For more detailed information, consult your Merck Representative or see Prescribing Information, 
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f 'ineradiography for Determina 


luoroscopy = been widely used for identifying 
artificial heart valves!^ and detecting valve mal- 
- function and valve-related complications, which 
were relatively frequent in the early years of valve sur- 
gery^? Meanwhile, patients with modem artificial 
valves are usually followed up by 2-dimensional and 
Doppler echocardiography. However, these techniques, 
" ardiographic c findings angaeetive « of valve- although giving excellent insight into hemodynamics, do 
related cond colons was compared with a com not allow a structural analysis of mechanical valves. 
trol group (n = 31) without such symptoms. L Thus, they remain indirect methods where a mechanical 
F ing angles (mean + SD) foi : | direc H problem is in question. 
2 aortic valves were found to bes iy nificanth Although the visibility of mechanical valves with 
x modern radiologic equipment has become excellent, sys- 
_ tematic cineradiographic studies have been. reported only 
for the functional analysis of single valve types (e.g. 
ia tion, , are con Bjórk-Shiley$? or St. Jude!!! valves), for monitoring 
Ix as of incomple' e: or asym- - fibrinolytic therapy in acute valve thrombosis? and for 
metric disk opening. Opening and closing : times evaluating periprosthetic regurgitation. The aim of the 
did not differ significantly between patients and present study was (1) to establish normal values for 
control subjects. Besides abnormal valve motion, ^ opening and closing times of different types of current 
2» structural defects such as strut fracture or mechanical valves in vivo, (2) to compare opening and 
A e apidly detected by cin- closing angles of tilting disk valves with the manufac- 
‘eradio; raphy if x-ray projections. according. to the turer's specifications, and (3) to show abnormalities in 
ar m valve design aridam _—— clinically suspected or surgically proven malfunction as 
uantitati k ardiographic and clir will be demonstrated in individual cases. 
cat dat Patient population and valve types: A total of 112 
answers if the question is to e eith er confirm | cineradiographic studies were performed in 95 mechani- 
exclude imminent or acute valve | a alfunction. cal heart valve substitutes that had been implanted in the 
2 Thus, modem cineradiography i is a Why v valuable  &ortic (n = 47), mitral (n = 46), and tricuspid (n z 2) 
> moninvasive diagnostic tool for both | positions in 76 patients. Fifty-nine patients had un- 
 agement of emergency cases and routine follow- dergone single-valve replacement (33 aortic, 26 mitral), 
up of patients with mechanical heart valves. and 17 double-valve. replacement (aortic and mitral in 13. 
(Am J Cardiol 1993;71:225-232) aortic and tricuspid in 2) 70 + 65 months (range | to 
230) before the study. In 45 patients (patient group), we 
considered an indication for fluoroscopy because of clin- 
ical or Doppler echocardiographic'^ findings suggestive 
of valve-related complications (5 were emergency cases 
of pulmonary edema or. cardiogenic shock, or both). 
Indications are listed in detail in Table I. In the remain- 
ing 31 subjects (control group) fluoroscopy was per- 
formed for different reasons: Older models of caged ball 
or tilting disk valves known to bear an increased risk of 
strut fracture or leaflet escape were screened for exclu- 
sion of early signs of such mechanical failure (e.g., 
Bjórk-Shiley valves before the monostrut era, ^-!? duro- 
M Medies bileaflet valves!?). Other subjects were examined 
From the Medizinische Universitütsklinik und Poliklinik, Innere Medi- — in order to exclude valve thrombosis, e. g., if anticoagu- 


—. zin III (Kardiologie), Homburg/Saar, Germany. ‘Manuscript received lation had been discontinued for noncardiac surgery. No x 
. February 11, 1992, Revised manuscript received and accepted August — : 











































T 17, 1992. control subject had clinical or Doppler echocardio- | 
_ Address for reprints: Werner Vogel, MD, Medizinische Universi- graphic signs of valve or cardiac dy sfunction at the time — 
tätsklinik, Innere Medizin IH, D-6650 Homburg/Saar, Germany. of analysis. _ 
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Heart failure* - 
Changed clicks/murmurs 7 
TiA/stroke, dizziness 
Hemolysis 
Anticoagulation, irregular 
Doppler gradient hight 
Malfunction follow-upt 
infective endocarditis 
Total 
Hear faiture unexplained by poor ventricular function or arrhythmias, or both. 
fGradient exceeding 30 mm Hg in aortic valve and 4 mm Hg in mitral/tricuspid 
| valves. 
-3Minor mechanical dysfunction without clear indication for reoperation. 
TIA = transient ischemic attack. 


i TABLE M Distribution of Prosthetic Valves with Respect to 
Type, Site, and Relation to Patient or Control Groups 


Aortic Mitral All 
(pt./control) (pt./control) (pt./control) 


4 (2/2) 2 0/1) 7* (4/3) 

1 0/-) - (=/=) 10/-) 
14 (11/3) 4 (2/2) 18 (13/5) 

2 0/1) ~(-/~) 2 1/1) 
3609/7) 10/0 37 (19/18) 

30/2) 30 (20/10)  34* (22/12) 

2 (~/2) 11 (1/10) 13 (1/12) 


Total 62 (36/26) 48 (25/23) 112* (63/49) 


*include 2 tricuspid valves in the patient group. 


Valve 
Type 


Starr-Edwards 
:| Cooley-Cutter 
.]. Bjórk-Shiley 
<i Lillehei-Kaster 

^. Medtronic-Hall 
“| St. Jude Medical 
F. Duremedics 








Numbers and types of investigated valves are listed 
in Table H. In all, 12 different models from 7 types of 
mechanical valves were examined. Most of the valves in 
the patient group could be matched with control valves 
. of the same type. 


Fluoroscopy and cineradiography were performed in 
the supine patient with a monoplane x-ray system (Phil- 
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ips Poly Diagnost C) with digital imaging (Philips DCI- 
S Release 2.3). This system allows the position of the 
roentgen tube to be varied within a wide range of crani- 
al to caudal skew (from —45 to +45°) and of right to left 
obligue rotation (from —120 to +120°), each projection — 
being characterized by 2 (positive or negative) figure 







For example, in a ~31°/+42° projection the tube is tilt- 


ed to a 31? cranial and rotated to a 42° left anterior ob- _ 
lique position (Figure 1). All valves were assessed as 
follows: | 

l. A sagittal (07/0?) projection was taken for the 
identification of the valve and its steric orientation in 
situ. 

2. The tube was then moved to a position with x- 
rays parallel to the valve ring plane. This allowed one 
to directly determine the occluder's excursions in caged 
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FIGURE 3. Opening and closing times (in milliseconds) of dif- 
ferent types of mechanical valves. Differences between pa- 
tients and contro! subjects are not significant. 


valves. In tilting valves, however, a ‘‘pivot’’ view (tech- 
nically equivalent to the sectional elevation) with x-rays 
strictly parallel to the tilting axis had to be achieved in 
order to measure correctly opening and closing angles. 

3. Additional projections were performed if any ir- 
regularities of disk motion were observed or a pivot 
view could not be obtained: a ‘‘disk’’ view with the 
beams parallel to the disk plane at full opening but 
perpendicular to the tilting axis. This view allows a 
culation of the opening angle with sufficient accuracy“ 
and checking for correct seating of the occluder on its 
support. Special views were added to examine the weld- 
ing points of struts in Björk-Shiley and caged valves. 

4. The projection angles of each view were docu- 
mented, and video prints and short cinefilm runs (3 to 6 
heart cycles) were obtained for the subsequent function- 
al analysis: 

Valve motion was analyzed by measuring opening 
and closing angles from the pivot view and by evaluat- 
ing the occluder’s opening and closing speed using the 
shutter speed of 50 frames/s as a time marker. For ex- 
ample, if opening started in frame 1 and was being com- 
pleted in frame 3, opening time was calculated to be 60 
ms (with the exact opening time ranging between 40 and 
60 ms). Accordingly, closing time, systolic and diastolic 


FIGURE 5. Normal opening (10°, left) and 
closing angle (130°) of a 29 mm St. Jude 
Medical mitral valve seen from its pivot 
view. For complete analysis of this caso a 
pivot view of the superimposed Medtronic 
Hall aortic valve neods to be obtained by a 
further left rotation and cranial skew of the 
xray tube. 








FIGURE 4. Normal opening (75°) and closing angle (0°) of a 
Medtronic-Hall aortic valve. Superimposed pivot supports 
indicate that the pivot view is correctly installed. 


intervals and heart cycle length were measured. Differ- 
ences between valve motion parameters of the patient 
and control group were statistically analyzed by use of 
the Mann-Whitney U test. 


RESULTS 

Valve orientation: In the group with 46 aortic tilt- 
ing disk valves, a pivot view was not obtained in 4 
patients (8.7%) for anatomic or technical reasons (invis- 
ible delrin disk of an early Bjórk-Shiley model in 1 
patient). In the mitral group, 10 of 36 valves (27.8%) 
could not be viewed exactly along the pivot axis. Fig- 
ure 2 shows the wide distribution of projection angles 
for the pivot views of tilting disk or bileaflet valves in 
the aortic and mitral position, respectively. The wide 
range is due to anatomic variations as well as the sur- 
geon's choice for valve orientation and forces the radio- 
grapher to find individual projections for the specific 
views of each valve. 

Valve motion—opening and closing speed: Nor- 
mal disk or ball motion in different valve types was stud- 
ied in 31 subjects in the control group with 48 valves. 
Irrespective of the valve size and heart cycle length, 
opening time was completed within 60 ms in >80% of 
all aortic valves. Only 2 aortic valves (1 Starr-Edwards, 
| Medtronic-Hall) required 80 to 100 ms for full open- 
ing. Opening and closing times in the patient group did 
not differ significantly from those in control subjects, 
with mean values and ranges being slightly higher in 
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FIGURE 6. Normal opening and closing of a Duromedics mi- 
tral valve. 
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both aortic and mitral valves (Figure 3). Mitral opening 
time in both groups rarely exceeded 80 ms (100 ms in 
and 160 ms in 1 patient with a periprosthetic leak; all 


had bileaflet valves without any mechanical malfunc- 

tion). FIGURE 7. Opening and closing angles of tilting disk valves. 
Complete closing required up to 360 ms in some Of anges of 75° in the Medtronic (Medtr.-Hall aortic valve, and 

the bileaflet mitral valves. This finding was infrequent — of 60 or 70° in Bjórk-Shiley valves, respectively. Note the 

and mostly due to an asymmetric closing in patients wide range of abnormal angles in the patient group. 


Controls / Patients Controls / Patients 


Medtr.-Hall Aortic Bjórk-Shiley 



























FIGURE 8. Pivot and disk view 
of Medtronic-Hall aortic valve 


with constantly asymmetric 
opening by only 50°. Patient 

had syncope 1 year after 
operation. Reoperation was 
refused because of advanced  . 
age and severe sternal and 


FIGURE 9. Reduced opening (44^, left) and closing (29^) with a Doppler gradient of 58 mm Hg and regurgitation at the Med- 
tronic-Hall prosthesis 5 years after aortic valve replacement, and 2 years after change from warfarin to aspirin because of 
alopecia. Explanted valve shows asymmetric disk opening due to thrombus formation in the large segment of the valve or- 
fice seen from the outflow (center) and inflow side (right) 
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with atrial fibrillation. In none of the cases was it asso- 
ciated with clinically significant mitral regurgitation. 
Valve motion—opening and closing angles: To 
compare disk excursions with the manufacturers’ speci- 
fications, opening and closing angles were measured in 
all tilting disk and bileaflet valves in which a pivot pro- 
jection had been achieved. Tilting disk valves close at 
0°, with the disk forming a parallel radioopaque line 
within the valve ring (Figure 4). The only exception is 
the Lillehei-Kaster valve which closes at 18? and opens 
to a maximum of 80°. The Medtronic-Hall valves open 
to 75? (Figure 4) or 70? for the aortic and mitral mod- 
els, respectively. Bjórk-Shiley disks open to 60 or 70? 
depending on the type. In St. Jude valves both leaflets 
form an angle of 120? (size <25 mm) or 130? (size 227 
mm) when closed and 10? at full opening (Figure 5). 
Duromedics leaflets cover an angle of 38 and 28? for 


FIGURE 10. Reduced opening 
angie (68^) of a Medtronic-Hall 
aortic vaive in an asymptomatic 


patient; Doppler gradient was 
60 mm Hg. At follow-up after 4 


(small segment) were detected 
and removed. Follow-up after 1 
year again showed an opening 
angle of 68°, with a Doppler 
gradient of 25 mm Hg. 


with low left ventricular output. Normal 


disk view (right) during a postextrasystolic 
contraction in the same patient. 


FIGURE 12. immobilization of the caudal 
leaflet of a 31 mm Duromedics mitral valve 
1 year after implantation by massive 
calcification of the mitral ring (see text). 





the open mitral and aortic valves, respectively; these an- 
gles, however, are particularly difficult to assess because 
of the curved shape of the leaflet and their poor visibili- 
ty in the closed position (Figure 6). 

Statistical analysis revealed that opening angles of 
Medtronic-Hall aortic valves were significantly smaller 
in patients (62.8 + 11.1?, range 44 to 75°) than in con- 
trol subjects (73.9 + 1.67, range 71 to 76°). Opening 
angles >70° were found in only 5 cases in the patient 
group. These had been investigated for reasons not high- 
ly suggestive of mechanical failure, namely hemolysis, 
bleeding complication, unexplained syncope, and in- 
fective endocarditis (2 cases). In the remaining valves 
(70%), opening angles were <69°. In Bjórk-Shiley 
valves, opening angles met the specified values of 60 or 
70° with a deviation of <3° except the case described 
later. Closing (0°) was normal in all but 3 patients (1 
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FIGURE 13. Starr-Edwards model 6400 mitral valve 4 years after impiantation. Strut fracture at the base ring and escape of 
a 12 mm fragment of the inner track were detected by cineradiography (arrows). Explanted valve even showed 2 broken 


welding points and marked cloth injury. 





with a Bjórk-Shiley and 2 with Medtronic-Hall aortic 
valves) with subsequently confirmed valve thrombosis 
(Figure 7). Opening and closing angles of all St. Jude 
Medical valves were again close (within 3?) to specified 
values (opening angles, 10 to 13°, closing angles, 120 to 
122? or 130 to 133°). 

A frequent observation in valves with reduced open- 
ing angles was a constant asymmetry of the disk at max- 





eun 15. Cooley-Cutter caged disk aortic valve 15 years 


after implantation, with normal movement of an opacified 
biconical disk (calcified infiltration?). Valve exchange was 


necessary because of aortic regurgitation due to subvalvu- 
lar pannus formation and intermittent "cocking" of the disk. 
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FIGURE 14. Starr-Edwards 
model 6400 mitral valve 16 


years postoperatively at full 
opening. Intact welding points 
at the base ring but widened 
cage with 1 mm distance 
between upper strut and ball 
are seen with visible and audi- 
ble (diastolic rattling) lateral 
play of the ball (see text). 


imal opening in the disk view (Figure 8). As a cause of 
this functional abnormality, tissue ingrowth or thrombus 
formation, or both, between the disk and the supporting 
pivot were suspected and could be confirmed in 3 
patieats who subsequently underwent reoperation. For 
example, in the case demonstrated in Figure 9, opening 
and closing angles of 44 and 29°, respectively, were 
caused by a thrombus extending from 1 pivotal support 
to the major segment of the valve orifice with severe 
impairment of disk mobility. Similarly, an upstream pan- 
nus formation alongside the small segment of a Bjórk- 
Shiley spherical disk valve with a fresh thrombus around 
the outlet strut were suggested from cineradiographic 
data eopening and closing angles 42 and 13°, opening 
and closing speed 240 and 160 ms, respectively) and 
confirned during emergency surgery. Another case with 
a combination of pannus and fresh thrombus formation 
could be detected cineradiographically (Figure 10). 

Incomplete valve opening could also be observed in 
patients with low cardiac output or arrhythmias. Disk- 
pivot contact in these cases, however, changed during 
several heart cycles and appeared to be normal in sin- 
gle (e.g., postextrasystolic) contractions (Figure 11). 

In ! case of mitral valve replacement with a 31 mm 
Duromedics valve, the inferoposterior leaflet was stuck 
in severely calcified tissue in an almost closed position 
(Figure 12). This mass had already been present at the 
time cf implantation, and had only partly been resected 
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because of its infiltration into the posterior left ventricu- 
lar wall. One year postoperatively, after a perfect recon- 
valescence, the patient again developed slight dyspnea 
on exertion. Doppler echocardiography revealed a small 
valve area of 1.6 cm? (measured by the pressure half- 
time method), and a relatively high gradient of 4 to 6 
mm Hg with respect to the large valve size.!^ 
Structural defects: A strut fracture in a Starr-Ed- 
wards mitral valve (model 6400) 4 years after implanta- 
tion could be detected by cineradiography. A 12 mm 
fragment of the inner metal track appeared to be broken 
and embolized into the left ventricle; the welding point 
was fractured at the base ring. The valve was removed 
because total break of the cage was imminent. The sit- 
uation then turned out to be even more serious because 
the excised valve showed that 2 of the 4 struts had 
already broken at the metal ring base (Figure 13). In 


"another case of the same valve type, the aspect of the 


welding points appeared normal (Figure 14), but marked 
"lateral" excursions of the ball were suggestive of cage 
wear as will be discussed next. 

One patient had an opaque layer in the *'equatorial"' 
plane of the biconical disk in an aortic Cooley-Cutter 
valve, which had to be exchanged after 15 years of un- 
 eventful functioning because of aortic regurgitation and 
a subvalvular pannus formation with intermittent '*cock- 
ing’’ of the disk, demonstrated intraoperatively. During 
cinefluoroscopy, disk movement itself appeared normal 
(Figure 15). 

Two of our patients with cardiogenic shock present- 
ed with an outlet strut fracture of a Bjórk-Shiley con- 
vexoconcave valve. Immediately after admission diagno- 
sis was cineradiographically confirmed in both patients. 
The first case was a 37 year-old man who had had an 
uncomplicated aortic valve replacement 8 years before 






- admission. He was seen in cardiogenic shock 4 hours 


after the onset of severe dyspnea, and died from low 
ventricular output despite immediate reoperation. The 
other patient was a 55 year-old man who had been fol- 
lowed 7 years after Bjórk-Shiley mitral valve replace- 
ment without complications. He was referred to our hos- 
pital 7 hours after the onset of acute heart failure which 
had been refractory to usual therapy. Leaflet escape had 
not been suspected clinically because closing clicks were 


FIGURE 16. Bjórk-Shiley 70* 
convexo-concave mitral valve 8 
years after implantation. Note 
the slight asymmetry of the 
outiet strut and disk at full 
opening. 1 year later the situa- 
tion was identical in the orifice 
(left) and disk (right) views. 




































clearly audible on auscultation. Changing loudness of 
the clicks had been attributed to the preexisting absolute 
arrhythmia. This misleading constellation could later be 
explained by a concomitant mild aortic stenosis that 
entrapped the large disk within the left ventricle and 
allowed it to be thrown on the metal valve ring every 2 
to 3 systoles. The patient was protected from massive 
pulmonary edema for several hours by this ‘‘intermit- 
tent" mitral competence. Unfortunately, he also died in 
refractory left ventricular failure on the seventh day after 
emergency reoperation. 


DISCUSSION 

From our data we can state that cineradiography pro- 
vides clear information on structure and function of 
most mechanical heart valve prostheses. In roughly 85% 
of all tilting disk valves disk opening and closing angles 
can be directly measured and compared with the manu- 
facturer's specifications, since a correct pivot view re- 
produces the designer's sectional elevation. In the re- 
maining valves, the opening angle can be obtained from 
the disk view by simple calculation. The excellent visi- 
bility of the disk in a profile view with modern x-ray 
systems makes the direct method applicable for virtual- 
ly all current disk valves. It is clearly superior to indi- 
rect methods®* that are dependent on optimal imaging 
and cannot always rule out minimal closing deficits. Our 
findings in the control group are consistent with pub- 
lished reports.5?./9.7 They suggest that a normal disk 
opening can be assumed if the measured opening angle 
meets the designated value within a small deviation of 
up to 3 to 4? depending on image quality, which may 
be poor in obese patients. As a consequence, an open- 
ing deficit of 25? should aid in further clarifying whether 
there is an anatomic (pannus, thrombus) or a functional 
reason (arrhythmia, low output, valve orientation). Ex- 
tensive calcification of the valve ring may be indicative 
of tissue ingrowth to the valve orifice that has been pre- 
viously shown to be a common problem after valve re- 
placement, 29 especially in patients with incorrect antico- 
agulation.^ According to the results of other investiga- 
tors,™!? the opening or closing times of normal artificial 
valves rarely exceed 80 ms; the exception is the bileaflet 
valve in the mitral position, especially in patients with 
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atrial fibrillation. who may : ntermittently 
delay of one leaflet’s closing movement, usually without 
serious. hemodynamic consequences. Severe and con- 
stant impairment of disk mobility in terms of low open- 
ing or closing speed is suggestive of acute thrombotic 
Obstruction, but obviously it is not a sensitive sign. In 
our 3 patients with acute aortic valve thrombosis, both 
opening and closing times were abnormal in only 1; the 
others had prolonged opening or completely normal val- 
ues (all within the reduced excursion angles). 

Structural defects in caged valves were mostly relat- 
ed to ball variance or strut cloth injury, and rarely to a 
real damage to the cage itself?! as in our patient (Fig- 
ure 13). It is not clear whether such a break is facilitat- 
ed by the long-term wear of the struts due to lateral 
excursions of the metal ball. Such ‘‘oscillations’’ per- 
pendicular to the normal motion axis were clearly visi- 
ble and audible as a rattling diastolic noise on ausculta- 
tion in the case presented in Figure 14. 

Severe structural defects have been reported for 
many mechanical prostheses.?2? The strut fracture 
problem of Bjórk-Shiley valves continues to be a chal- 
lenge in the management of patients involved.!?-152524 
Whether serial follow-up of such patients by cineradiog- 
raphy could identify patients at risk (e.g., by detection 
of slight strut defommation [Figure 16], or by identifying 
other possible predictors of fracture) needs to be es- 
tablished. In our institution, we therefore plan a screen- 

. ing program of al pre-monostrut Bjórk-Shiley valves 
— with the described cineradiographic method. 
< The patient's only risk with cineradiography is x-ray 
xposure with fluoroscopy times of 5 to 10 minutes 
1ich can be reduced to about one third in reexamina- 
if projection angles are known) and cinefilm expo- 
ies between 20 and 60 seconds. The small haz- 
rreatly dM by the diagnostic benefit 











, bus ing disease; "aive iue mid sce Thu dus been en: 
phasized many years ago.*® Technical devices need 
- precise survey, and this applies especially to artificial 
< heart valves because they constantly interfere with liv- 
ing tissue. Advantage can be taken of modern technical 
equipment to get a closer look at this complex interrela- 
- tion. Magnetic resonance imaging may be a promising 
. technique for special questions, but is still of limited val- 
-ue for studying mechanical valves. Doppler echocardi- 
ography is a clear advance for hemodynamic follow-up 
after valve replacement. Cineradiography with its im- 
—.. mediate and high-resolution documentation capabilities 
^ provides unique information unavailable from other 

* techniques, especially if early postoperative data can be 
compared with those from later follow-up. Therefore, 




















have à marked _ this simple method should be routinely used for patients 


with artificial heart valves. 
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Of 280 patients treated by balloon mitral com- 
missurotomy (BMC) between 1987 and 1991, 28 
_ (10%) were 770 years old. Two patients with as- 
. sociated significant aortic stenosis were exciud- 
... ed from the study. Older patients more often 

ere in New York Heart ciation class Ill or 
AV (84 vs 67%; p «0.007) and atrial fibrillation (61 








-— vs 36%; p «0.0001), and had a higher echocardio- 


graphic score (9.3 + 2 vs 8 + 1.6; p «0.0004) 
and a lower baseline cardiac index (2.1 0.6 vs 
2.4 + 0.6 liters/min/m?; p «0.03) than younger 
ones. Baseline mean pulmonary pressure (37 + 
11 vs 34 + 12 mm Hg), transmitral gradient (14 


=~ t4 vs 14 + 5 mm Hg) and valve area (1.0 + 0.4 
vg 1.1 + 0.3 cm?) were not different between 


. older and younger patients (p = NS). Acute com- 
|. plications during the procedure (including cardiac 
perforation, embolism, severe mitral regurgitation 
and surgical atrial shunt), and 30-day mortality 
after BMC were more frequent in older than 


| younger patients (27 vs 9% [p «0.01], and 12 vs 
. 0.8% [p «0.005], respectively). A complete suc- 
`- cess, defined as a mitral valve area increase 


A niin and postmitral valve area 1215 cm? was 





- MX of younger ones; p = 0.1). At 6 month 

Da of the 21. surviving patients (95%) who had not 
.. crossed over to surgery had an improve: | 
UE 21 functional class, and 13% ined improv 
after a mean follow-up of 28 + 17 moi hs. L 
term survival of older patients was compared - 
with that of our first 96 younger ones dilated 











^. before 1990. The total survival rate at 3 years 
. was 70% in older patients and 92% in younger 


> ones p <0.001). Thus, BMC can be an effective 
<" therapy for pa-tients aged >70 years, but has an 
increased risk of morbidity and mortality com- 
pared with in younger ones. However, the hemo- 
dynamic success rate in patients aged >70 years 
with the completed procedure, and the long-term 
^ cardiac survival in those with a good initial result 
< ‘are similar to those in younger ones. Therefore, 

- BMC can be performed in older patients with an 
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Balloon Mitral Commissurotomy in in 
Patients Aged 770 Years 


Claude Le Feuvre, MD, Raoul Bonan, MD, Marie-Laure Lachurie, MD, Yves Leclerc, MD, 
Robert Petitclerc, MD, Ihor Dyrda, MD, and Jacques Crépeau, MD 


tic stenosis in 3, mild aortic regurgitation in 3, tricuspid di 


. the mitral apparatus were evaluated according to the 


acceptable risk compared with that of medical 
treatment or surgery. 
(Am J Cardiol 1993;71:233-236) 


described by Inoue et al! in 1984, and with in- 

creased experience and better patient selection, 
this technique is now recognized as an effective, alterna- 
tive treatment to surgical commissurotomy for sympto- 
matic mitral stenosis with favorable valve morpholo- 
gy.^^ The mechanism involved in the increase of the 
orifice area appeared to be commissural splitting fracture 
of calcified leaflets and partial valve disruption,’ simi- 
lar to closed surgical commissurotomy.^? Both pro- 
cedures have excellent results, with a low risk in patients 
with mobile, pliable, minimally thickened and only - 
mildly calcified valves. BMC was. originally proposed i 10 
certain centers as palliative treatment for elderly patients = 
at mgh risk for surgery or for whom surgery is co 
traindicated.?-'7 Results appear to be less satisfactory 
these patients who more frequently have immobi 
thickened and calcified valves. However, imm 
long-term outcome have not been studied i 
ries. This study describes the earl 
patients aged 270 years who un 
tomatic mitral stenosis and compare 
those of younger patients. Er 


METHODS : 

Study patients: Of 280 Y cad 
performed from March 1987 to : 
Montreal Heart Institute, 28 patients. (10%) were e ag ae 
270 years (252 were aged <70 years). Two patients with — 
associated significant aortic stenosis were excluded from _ 
the study. Clinical characteristics of the patients are list- - 
ed in Table I. Associated valve diseases were mild aor- - 


B alloon mitral commissurotomy (BMC) was first 





stenosis in 1, and severe tricuspid regurgitation in 5. 
Echocardiographic measurements: Echocardio- 
graphic data were obtained the day before, and between 
24 and 48 hours after the procedure. Left atrial diame- 
ter was measured from the M-mode echocardiogram as __ 
previously described. Morphologic characteristics of —— 


scoring system of Wilkins et al.'^ Baseline echocardio- 
graphic characteristics of the mitral valve are listed in 
Table H. The echocardiographic score and left atrial di- 
ameter were greater in patients aged 270 years, where- 
as mean transmitral gradient and mitral valve area were 
not different between the 2 groups. 
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TABLE i Clinical Characteristics of 26 Patients Aged 270 
Years and 252 Aged <70 Years 


> 70 Years < 7G Years 


in = 26) (n = 252) p Value 


74 x 2 SO ae 11 0.0001 
18/8 (70/3096) 214/38 (85/1595) 0.07 
6 (23%) 35 (14%) 


Age (vear) 

Women/ men 

Previous embolism 

Prior mitral commissur- 
otomy 

| Atrial fibrillation 

X-ray mitral calcium 

NYHA class lli or IV 

Coronary artery disease 

Associated valve dis- 
eases 7 (27%) 58 (23%) 


NYHA = New York Heart Association. 


Cardiac catheterization and balloon mitral 
commissurotomy: Informed consent for the procedure 
and consultation in cardiac surgery were obtained for all 
patients. The procedure and hemodynamic measure- 
ments were previously described.? Mitral valve area 
was calculated with the Gorlin formula. Left ventricu- 
lography in the 30? right anterior oblique projection was 
performed in all patients before and after BMC. Mitral 
regurgitation was quantified according to the criteria of 
Sellers et al.!6 Baseline cardiac index was less (2.1 + 
0.6 vs 2.4 + 0.6 liters/min/m^; p «0.03) and total pul- 
monary resistance greater (1,066 + 625 vs 766 + 442 
dynes ù s^! + cm; p «0.001) in patients aged 270 years, 
whereas baseline mean pulmonary pressure (37 + Il vs 
34 + 12 mm Hg), mean transmitral gradient (14 + 4 vs 
14 + 5 mm Hg) and valve area (1.0 + 0.4 vs 1.1 + 03 
cm?) were not different between the 2 groups (p = NS). 
BMC was performed by the transseptal anterograde 
technique. Procedure-related characteristics were identi- 
cal between patients aged 2 and «70 years, using 2-bal- 
loon or bifoil balloon catheters in 88 vs 95% (p = NS), 
with a ratio of effective balloon dilating area to body 
surface area of 4.0 + 0.9 vs 3.9 + 0.5 (pz NS) (num- 
ber of inflations 4.0 + 17 vs 4.1 + 19 [p - NS], and 
duration of dilation 30 + 16 vs 33 + 27 seconds 
[p = NS). 

Complete success was defined as a final mitral area 
21.5 cm? and an increase in mitral valve area >25%. An 
incomplete success was defined as a mitral valve area 
21.0 but «1.5 cm’, with an increase in mitral valve area 
>25%. Hemodynamic failure was defined as a final 
mitral valve area «1 cm? or an increase in mitral valve 
area «2590. 

Follow-up: Long-term follow-up data were obtained 
prospectively during hospital visits at 3 and 6 months 
after the BMC, and yearly thereafter. Echocardiographic 
data were obtained on a routine basis at 6 months of 
follow-up and were limited to the occurrence or wors- 
ening of symptoms thereafter. 

Statistical SE Continuous variables (expres- 
sed as mean + SD) were compared with nonpaired or 
paired Student's ¢ test when appropriate. Categoric vari- 
ables were compared with the chi-square test with the 
Yates correction when appropriate. Multiple logistic 
regression analysis and stepwise logistic regression were 
performed in the standard manner. Survival curves were 


2 (7%) 
16 (61%) 
13 (50%) 
22 (84%) 

5 (19%) 


55 (22%) 

91 (36%) 
106 (42%) 
169 (67%) 

23 (9%) 





TABLE ii Baseline Echocardiographic C Characteristics of 26 
Fatients Aged » 70 Years and 252 Aged « 70 Years 


« 70 Years 
(n = 252) 


>70 Years 


(n = 26) p Value 


Left atrial diameter (mm) 
Echocardiographic score 
Leaflet mobility 
Leaflet thickness 
Leaflet calcium 
Subvalvular disease 
Mitral valve gradient (mm Hg) 
Mitral valve area (cm?) 
Planimetry 
Pressure half-time 
Mitral regurgitation!6 


2.5 x 0.5 
2.3 * 0:6 
2.2 X 0.9 
2.35 07 
11 x4 


1.1 $ 0.4 
1.00.3 
1.0 + 0.7 


TABLE ill. Hemodynamic Results Before and After Completed 
Balloon Mitral Commissurotomy in 22 Patients Aged >70 
Years 


Before BMC 


3.2 41.0 
2.1 + 0.6 


After BMC 


€ardiac output (L/min) 
Cardiac index (L/min/cm?) 
Pressure (mm Hg} 

LA~LV MDG 

Left atrial 

V wave 35.29 

Systolic pulmonary artery 58 + 21 

Mean pulmonary artery 37 x 11 
Total pulmonary resistance 

(dynes - s-!/cm^5) 

Mitral regurgitation!5 
Mitral valve area (cm?) 


13.9 + 4.6 
43 x5 


679 x 340 
1.2 € 0.9 
18+0.7 0. 0001. d 


feft atrial-ventricular mean "Es 


1,066 x 625 
0.9 + 0.7 
1.0+ 0.4 





BMC = balloon mitral commissurotamy; LA-LV MDG = 
diastolic gradient. 


comstructed using the Kaplan-Meier actuarial method, 
and comparisons between groups were obtained with the 
log-rank statistic. A p value «0.05 was considered sig- 
nificant. 


RESULTS 

Technical failures and complications: Acute 
complications during the procedure (including cardiac 
perforation, embolism, severe mitral regurgitation and 
surgical atrial shunt) (27 vs 9%; p «0.01), and 30-day 
mertality after BMC (12 vs 0.8%; p «0.005) were more - 
frequent in patients aged 270 years. Two patients had 
technical failure; an 81-year-old with an enlarged atrium 
(70 mm) without acute complication, and a 79-year-old 
died 36 hours later because of multisystem failure. BMC 
could not be completed in 2 patients; a 73-year- old with 
left ventricular perforation died 24 hours after emergen- 
cy surgery, and another 73-year-old with left atrial per- _ 
foration and acute tamponade underwent emergency 
surgery without further complications. 

Major complications occurred in 4 of 22 patients 


= with the completed procedure; 2 (aged 80 and 81 years, 


respectively) had a severe confusional state after BMC 
without any sequelae, 1 had severe atrial shunting with 
a ratio of pulmonary to systemic flow of 22, and a 79- 
year-old died 48 hours after BMC due to a cerebral 
embolism. 

immediate hemodynamic results: Hemodynamic 
results before and after BMC in the 22 patients aged 
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l c0 years. 5 with the completed Procedure a are listed in 
Table Il. A complete success was obtained in 16 
.. patients (72%), an incomplete success in 3 (14%), and 
^. hemodynamic failure in 3 (1495). Mean mitral valve area 
. increase was 0.79 + 0.54 cm’. Results were slightly bet- 
ter in patients aged «70 years, with complete 
hemodynamic success obtained in 81%, incomplete suc- 
= cess in 15%, hemodynamic failure in 4% (p « 0.1), and 
. .a mitral valve area increase of 0.94 + 0.65 (p = 0.2). By 
. univariate analysis, hemodynamic success in patients 
-aged 270 years (vs failure or incomplete success) was 
. correlated with a greater mitral valve area (1.1 + 0.3 vs 
70.6 € 03 cm? È <0.001) and higher cardiac output (3.5 
£08 vs 2.5 + 09 liter/min; p <0.01), and a reduced 
total pulmonary resistance (816 + 318 vs 1,538 + 798 
dynes + s! e cm5; p «0.002), but not. with a mean 
echocarc diographic score (8.8 + 19 vs 103 + 17; 
=0. 08). By stepwise logistic regression, mitral valve 
—. area (p «0.01) and total pulmonary resistance (p «0.01) 
were independent predictors of success. _ 
: Angiographic mitral regurgitation, graded on a scale 
- vof 0 to 4, increased after BMC in patients aged 270 
E _ years (0.9 + 07 to L2 + 0.9; p «0.009). Mitral regur- 
...gitation remained unchanged after BMC in 14 of 22 
. patients (60%) with the completed procedure, and in- 
S creased by 1 grade in 8 patients and by 2 grades in the 
= remaining one. Only 1 patient had grade 3/4 mitral re- 
. .gurgitation after BMC. Uni- and multivariate analyses 
.. did not identify any predictor of mitral regurgitation in- 
crease. Mean baseline mitral regurgitation was less in 
. patients aged «70 years (0.6 + 0.6 vs 0.9 + 0.7; p «0.01), 
but mean mitral regurgitation increase was similar in 
- both groups (0.3 + 0.6 vs 0.3 + 0.4; p = NS). 
- Atrial shunting was detected by venovenous dye-di- 
,. lution curves immediately after BMC in 7596 of patients 
aged 270 years (vs 71% in younger ones; p = NS). Only 
3 patients (14%) had a ratio of pulmonary to systemic 
flow 21.5 (vs 9% in younger ones) Uni- and mul- 
variate analyses did not identify any predictor of atrial 
ae shunting in older patients. 
oo Long-term follow-up: Clinical follow-up was ob- 
tained in all patients aged >70 years, and extended to 28 
t 17 months. Death during follow-up occurred in 5 
. patients, including 3 noncardiac (neoplasia) and 2 car- 
< diac deaths at | and 7 months in 2 patients with hemo- 
dynamic failure in whom surgery was contraindicated. 
Only 1 patient had crossed over to emergency surgery 
for left atrial perforation during BMC. At 6 months, 18 
—. ofthe 21 surviving patients (86%) who had not crossed 
- Over to surgery were in class I or II, and 20 (95%) had 
-— an improvement of 21 functional class and 12 (57%) of 
- 2 classes. In comparison with 6-month clinical status, 
. ' functional class at the end of follow-up was unchanged 
©- in 13 patients and worsened by 1 grade in 4. Patients 
-— With a long-term functional improvement had a lower 
< baseline echocardiographic score than did the remaining 
ones (7.8 + 20 vs 10.6 + 17; p «0.00). 
Six-month echocardiographic measurement of the 
mitral valve area by pressure half-time diagnosed reste- 
nosis (defined as a decrease of >50% of the gain 
chieved in mitral valve area and a mitral valve area «1.5 
n^ in 2 of 16 patients who had complete hemo- 
















































dynamic success. These 2 patients had a baseline echo- —— 


cardiographic score of 10 and 12, respectively. Echocar- 
diography was performed after 28 + 14 months in 9 uns- 
elected patients with complete hemodynamic success 
and without restenosis at 6 months. Mitral valve area 
and gradient immediately after the procedure remained 
unchanged in the long term (1.9 + 02 vs 1.8 + 02 cn, 
and 4.9 + 2.7 vs 6.1 + 3.2 mm Hg, respectively; p = NS). 
The patients aged 270 years were compared with 96 
consecutive patients aged «70 years without significant - 
aortic stenosis dilated before 1990 to analyze long-term _ 


follow-up. Baseline and post-BMC characteristics of — E 


these 96 patients were similar to those of the 156 re- 
maining patients aged «70 years who were dilated since 
1990. The overall outcome of these 96 patients includ- 
ed elective or urgent surgery in 7 (7%) and death in 8 
(8%), including 1 perioperative (mitral valve replacement 
for restenosis at 2 years) and 2 noncardiac deaths; the 
survival rate at 3 years was 9296 in these patients ver- 
sus 70% in those aged 270 years (p «0.001) (Figure 1). 


DISCUSSION 

This study shows that BMC in an older population 
has an increased risk of morbidity and mortality com- 
pared with in a younger one. This can be explained in 
part by a longer evolution of the disease, reflected by 
the higher incidence of atrial fibrillation and New York 
Heart Association class IIl or IV before BMC in older 
patients, which were reported as independent predictors 
of worse prognosis in previous studies.!^!5 The rate of 
uncompleted procedures was greater in older than in 
younger patients (15 vs 496; p «0.05). Technical diffi- 
culties were probably related to larger left atrial diame- 
ters and more abnormal mitral valve morphology, which 
impair the proper positioning of the balloon across the 
mitral valve. All patients aged 270 years would have 
needed mitral replacement, because of an important al- 
teration of the mitral valve apparatus. On the basis of 


% survival 
100 


_<70 years pts 


p < 0.007 


= 70 years pts 


3 


11 = 70 years pts 
57 < 70 years pts 
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z ious studies, B-a the i ortalit 
these patients was pecie | to be >15% and our surgi- 
cal team declined to operate on 18 of the 26 patients, 
because of coronary artery disease~associated valve dis- 
eases or multisystem failure. The 30-day mortality rate 
in this series of 26 patients undergoing BMC was 12% 
compared with 0.8% in patients aged <70 years. 

Many previous reports!™1822-24 including patients 
with a mean age ranging from 43 to 55 years have iden- 
tified echocardiographic measures of mitral valve thick- 
ening, mobility and calcification as independent predic- 
tors of acute hemodynamic results and procedural com- 
plications. In our study, explanations for the modest 
immediate hemodynamic results may also be related to 
the higher echocardiographic score in older patients, 
who have less pliable and more calcified valves than do 
younger ones. However, hemodynamic results were not 
correlated with the echocardiographic score, because 
only 3 of 26 older patients had a score <8. Predictive 
factors of incomplete success or hemodynamic failure in 
older patients were smaller mitral valve area (expressing 
the important alteration of the mitral valve apparatus) 





and greater pulmonary resistance. These predictive fac- . 


tors have been identified by Tuzcu et al? in 99 patients 
aged 265 years and by Alfonso et al? in 171 younger 
patients, 

The greater cardiac mortality during the first year 
after BMC is in accordance with the natural history of 
the disease; no other therapeutic alternatives are avail- 
able, and surgery is being contraindicated in most pa- 
tients even before BMC. After the first year, deaths were 
noncardiac-related and more frequent in patients aged 
>70 years. In comparison, the 1-year mortality rate is 
57% in patients with severe mitral stenosis with medi- 
cal treatment and functional class IV (13 of 26 in our 
series were in class IV), and 1396 for those in class H 
or IH with atrial fibrillation." At 6 months, 95% of 
patients aged 270 years had an improvement of 21 func- 
tional class. This improvement remained in most patients 
at the end of follow-up. In previous studies, !! 2428 
echocardiographic score appeared to be the most impor- 
tant predictive factor of restenosis and late cardiac 
events. In our series, restenosis was infrequent despite a 
high mean echocardiographic score, occurring in 2 of 16 
patients (12%) with a completed successful procedure. 
However, baseline echocardiographic score was identi- 
fied as a predictor of long-term functional improvement. 

Direct comparison of BMC and surgery cannot be 
performed without randomized studies. Such studies ap- 
pear to be impossible, because most patients aged 270 
years had a surgical contraindication. However, BMC is 
an effective therapy for older patients, but has a high 
risk of morbidity and mortality. Furthermore, hemody- 
namic success and long-term cardiac survival rate are 
satisfactory. Therefore, “BMC can be proposed as the 
treatment of choice in patients aged 270 years with 
symptomatic mitral stenosis and without associated sig- 
nificant mitral regurgitation. 
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From Merck Research Laboratories, 
An Important HMG-COA Reductase Inhibitor 





For a wide range of patients with primary hypercholesterolemia 
(Types Ila and IIb), after an adequate trial of diet and other nondrug therapy, 


WORKING TO ACHIEVE YOUR 
HIGH STANDARDS FOR 
LOWERING CHOLESTEROL 


In many indicated patients, 


A positive effect on all key lipid 
parameters at the starting dosage’ 


The efficacy that you need— 
with a favorable tolerability profile 
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ZOCOR is contraindicated in patients who are hypersensitive to any component of the 
medication; in patients with active liver disease or unexplained persistent transaminase 
elevations (see WARNINGS); in pregnant or lactating patients; and in women of 
ud aeris Jo childbearing age except when such patients are highly unlikely to conceive. 
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ek reactions, including information about liver function testing and myopathy, 
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* The recommended starting dose is 5 or 10 mg once a day in the evening. Patients with LDL cholesterol levels 
(on diet) 2190 mg/dL should be started on 10 mg once a day. A starting dose of 5 mg once a day should be 
considered for patients with LDL cholesterol (on diet) of € 190 mg/dL (see National Cholesterol Education 
Program guidelines) and for elderly patients. See Prescribing Information for more details about dosage, 
including information about elderly patients and patients on immunosuppressive drugs or with severe 
renal insufficiency. 
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ZOCOR 


(SIMVASTATIN) 


ZOCOR is available in 5-mg, 10-mg, 
20-mg, and 40-mg tablet strengths. 


CONTRAINDICATIONS: Hypersensitivity to any component of this 
medication 

Active liver disease or unexplained persistent elevations of serum 
transaminases (see WARNINGS) 

Pregnancy and lactation. Atherosclerosis is a chronic process, and the 

discontinuation of lipid-lowering drugs during pregnancy should have little 
impact on the outcome of long-term therapy of primary hypercholesterolemia. 
Moreover, cholesterol and other products of the cholesterol biosynthesis 
pathway are essential components for fetal development, including synthesis 
of steroids and cell membranes. Because of the ability of HMG-CoA reductase 
inhibitors such as ZOCOR® (Simvastatin) to decrease the synthesis of 
cholesterol and possibly other products of the cholesterol biosynthesis 
pathway, ZOCOR may cause fetal harm when administered to a pregnant 
woman. Therefore, simvastatin is contraindicated during pregnancy and in 
nursing mothers. Simvastatin should be administered to women of 
childbearing age only when such patients are highly unlikely to 
conceive. lf a patient becomes pregnant while taking this drug, simvastatin 
should be discontinued and the patient should be apprised of the potential 
hazard to the fetus. 
WARNINGS: Liver Dysfunction: Persistent increases (to more than 
3 times the upper limit of normal) in serum transaminases have 
occurred in 1% of patients who received simvastatin in clinical 
trials. When drug treatment was interrupted or discontinued in these 
patients, the transaminase levels usually fell slowly to pretreatment levels 
The increases were not associated with jaundice or other clinical signs or 
symptoms. There was no evidence of hypersensitivity 

It is recommended that liver function tests be performed during 
therapy with simvastatin. Serum transaminase levels, including 
ALT (SGPT), should be monitored before treatment begins, every 6 
weeks for the first 3 months, every 8 weeks during the remainder 
of the first year, and periodically thereafter (e.g., at approximately 
6-month intervals). Special attention should be paid to patients who 
develop elevated serum transaminase levels, and in these patients, 
measurements should be repeated promptly and then performed more 
frequently. If the transaminase levels show evidence of progression, 
particularly if they rise to 3 times the upper limit of normal and are persistent, 
the drug should be discontinued. Liver biopsy should be considered if 
elevations persist beyond the discontinuation of the drug 

The drug should be used with caution in patients who consume 
substantial quantities of alcohol and/or have a past history of liver disease. 
Active liver diseases or unexplained transaminase elevations are 
contraindications to the use of simvastatin 

As with other lipid-lowering agents, moderate (less than 3 times the upper 
limit of normal) elevations of serum transaminases have been reported 
following therapy with simvastatin. These changes appeared soon after 
initiation of therapy with simvastatin, were often transient, were not 
accompanied by any symptoms, and did not require interruption of treatment. 
Skeletal Muscle: Rare cases of rhabdomyolysis with acute renal failure 
secondary to myoglobinuria have been associated with simvastatin therapy 
Rhabdomyolysis has also been associated with other HMG-CoA reductase 
inhibitors when they were administered alone or concomitantly with 1) 
immunosuppressive therapy, including cyclosporine in cardiac transplant 
patients; 2) gemfibrozil or lipid-lowering doses (21 g/day) of nicotinic acid in 
non-transplant patients; or 3) erythromycin in seriously ill patients. Some of 
the patients who had rhabdomyolysis in association with the reductase 
inhibitors had preexisting renal insufficiency, usually as a consequence of 
longstanding diabetes. In most subjects who have had an unsatisfactory lipid 
response to either simvastatin or gemfibrozil alone, the possible benefits of 
combined therapy with these drugs are not considered to outweigh the risk of 
severe myopathy, rhabdomyolysis, and acute rena! failure. While it is not 
known whether this interaction occurs with fibrates other than gemfibrozil, 
myopathy and rhabdomyolysis have occasionally been associated with the use 
of other fibrates alone, including clofibrate. Therefore, the combined use of 
simvastatin with other fibrates should generally be avoided 

Physicians contemplating combined therapy with simvastatin and lipid- 
lowering doses of nicotinic acid or with immunosuppressive drugs should 
carefully weigh the potential benefits and risks and should carefully monitor 
patients for any signs or symptoms of muscle pain, tenderness, or weakness, 
particularly during the initial months of therapy and during any periods of 
upward dosage titration of either drug. Periodic creatine phosphokinase (CPK) 
determinations may be considered in such situations, but there is no assurance 
that such monitoring will prevent the occurrence of severe myopathy. 

Because of an apparent relationship between myopathy and increased plasma 
levels of active metabolites derived from other HMG-CoA reductase inhibitors. 
the daily dosage should not exceed 10 mg/day in patients who are taking 
cyclosporine (see DOSAGE AND ADMINISTRATION in Prescribing Information). 

Simvastatin therapy should be temporarily withheld or 
discontinued in any patient who has an acute, serious condition 
suggestive of a myopathy or who has a risk factor predisposing to 
the development of renal failure secondary to rhabdomyolysis 
(e.g., severe acute infection, hypotension, major surgery, trauma, 
severe metabolic, endocrine, and electrolyte disorders, and 
uncontrolled seizures). 

Myopathy should be considered in any patient with diffuse myalgias, 

muscle tenderness or weakness, and/or marked elevation of CPK. Patients 
should be advised to report promptly unexplained muscle pain, tenderness, 
or weakness, particularly if accompanied by malaise or fever Simvastatin 
therapy should be discontinued if markedly elevated CPK levels occur or if 
myopathy is diagnosed or suspected. 
PRECAUTIONS: General: Before instituting therapy with ZOCOR, an attempt 
should be made to control hypercholesterolemia with appropriate diet, exercise, 
and weight reduction in obese patients and to treat other underlying medical 
problems (see INDICATIONS AND USAGE in Prescribing Information). 

Simvastatin may cause elevation of CPK and transaminase levels (see 
WARNINGS and ADVERSE REACTIONS). This should be considered in the 
differential diagnosis of chest pain in a patient on therapy with simvastatin. 
Homozygous Familial Hypercholesterolemia: ZOCOR is less effective 
in patients with the rare homozygous familial hypercholesterolemia, 
possibly because these patients have few functional LDL receptors 
Information for Patients: Patients should be advised to report promptly 
unexplained muscle pain, tenderness, or weakness, particularly if 
accompanied by malaise or fever 


Drug Interactions: Immunosuppressive Drugs, Gemfibrozil, Niacin 
(Nicotinic Acid), Erythromycin: See WARNINGS, Skeletal Muscle 

Antipyrine: Because simvastatin had no effect on the pharmacokinetics of 
antipyrine, interactions with other drugs metabolized via the same 
cytochrome isozymes are not expected. 

Propranolol: In healthy male volunteers, there was a significant decrease in 
mean Cmax, but no change in AUC. for simvastatin total and active inhibitors 
with concomitant administration of single doses of ZOCOR™ (Simvastatin) 
and propranolol. The clinical relevance of this finding is unclear. The 
pharmacokinetics of the enantiomers of propranolol were not affected 

Digoxin: Concomitant administration of a single dose o! digoxin in healthy 
male volunteers receiving simvastatin resulted in a slight &levation (less than 
0.3 ng/mL) in digoxin concentrations in plasma (as measured by a 
radioimmunoassay) compared to concomitant administration of placebo and 
digoxin. Patients taking digoxin should be monitored appropriately when 
simvastatin is initiated. 

Warfarin. Simvastatin therapy appeared to enhance slightly the 
anticoagulant effect of warfarin (mean changes in prothrombin time less than 
2 seconds) in normal volunteers maintained in a state of low therapeutic 
anticoagulation. With other reductase inhibitors, clinically evident bleeding 
and/or increased prothrombin time has been reported in a tew patients taking 
coumarin anticoagulants concomitantly. In such patients, prothrombin time 
should be determined before starting simvastatin and frequently enough 
during early therapy to insure that no significant alteration c! prothrombin time 
occurs. Once a stable prothrombin time has been documented, prothrombin 
times can be monitored at the intervals usually recommended for patients on 
coumarin anticoagulants. If the dose of simvastatin is changed, the same 
procedure should be repeated. Simvastatin therapy has nøt been associated 
with bleeding or with changes in prothrombin time in patients not taking 
anticoagulants. 

Other Concomitant Therapy: Although specific interaction studies were not 
performed, in clinical studies, simvastatin was used concomitantly with 
angiotensin-converting-enzyme (ACE) inhibitors, beta blockers, calcium channel 
blockers, diuretics, and nonsteroidal anti-inflammatory drugs (NSAIDs) without 
evidence of clinically significant adverse interactions. The effect of cholestyramine 
on the absorption and kinetics of simvastatin has not been determined. 
Endocrine Function: HMG-CoA reductase inhibitors interfere with 
cholesterol synthesis and as such might theoretically blunt adrenal and/or 
gonadal steroid production. However, clinical studies nave shown that 
simvastatin does not reduce basal plasma cortisol conceatration or impair 
adrenal reserve and does nol reduce basal plasma testosterone concentration 
(see CLINICAL PHARMACOLOGY, Clinical Studies in Prescribing 
Information). Another HMG-CoA reductase inhibitor has been shown to 
reduce the plasma testosterone response to HCG; the effec! of simvastatin on 
HCG -stimulated testosterone secretion has not been studied. 

Results of clinical trials with drugs in this class have been inconsistent with 
regard to drug effects on basal and reserve steroid levels. The effects of HMG- 
CoA reductase inhibitors on male fertility have not been studied in adequate 
numbers of male patients. The effects, if any, on the pituitary-gonadal axis in pre- 
menopausal women are unknown. Patients treated with simvastatin who develop 
clinical evidence of endocrine dysfunction should be evaluated appropriately 
Caution should also be exercised if an HMG-CoA reductase inhibitor or other 
agent used to lower cholesterol levels is administered to patients who are also 
receiving other drugs (e.g., ketoconazole, spironolactone, cimetidine) that may 
decrease the levels or activity of endogenous steroid hormones 
CNS Toxicity: Optic nerve degeneration was seen in clinically normal dogs 
treated with simvastatin for 14 weeks at 180 mg/kg/day, a dose that 
produced mean plasma drug levels about 44 times higher than the mean 
drug level in humans taking 40 mg/day 

CNS vascular lesions, characterized by perivascular nemorrhage and 
edema, mononuclear cell infiltration of perivascular spaces, perivascular 
fibrin deposits, and necrosis of small vessels, were seen in dogs treated 
with simvastatin at a dose of 360 mg/kg/day, a dose that produced plasma 
drug levels that were about 50 times higher than the mean drug levels in 
humans taking 40 mg/day. Similar CNS vascular lesions have been 
observed with several other drugs of this class. 

A chemically similar drug in this class also produced optic nerve 

degeneration (Wallerian degeneration of retinogeniculate fiers) in clinically 
normal dogs in a dose-dependent fashion starting at 60 mg/kg/day, a dose 
that produced mean plasma drug levels about 30 times higher than the 
mean drug level in humans taking the highest recommended dose (as 
measured by total enzyme inhibitory activity). This same drug also produced 
vestibulocochlear Wallerian-like degeneration and retinal ganglion cell 
chromatolysis in dogs treated for 14 weeks at 180 mg/kgiday, a dose that 
resulted in a mean plasma drug level similar to that seen with the 
60 mg/kg/day dose. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: \) à 72-week 
carcinogenicity study, mice were administered daily doses of simvastatin of 
25, 100, and 400 mg/kg body weight, which resulted in mean plasma drug 
levels approximately 3, 15, and 33 times higher than the mean human 
plasma drug concentration (as total inhibitory activity) after a 40-mg oral 
dose. Liver carcinomas were significantly increased in high-dose females 
and in mid- and high-dose males, with a maximum incidence of 90% in 
males. The incidence of adenomas of the liver was significantly increased in 
mid- and high-dose females. Drug treatment also significantly increased the 
incidence of lung adenomas in mid- and high-dose maigs and females. 
Adenomas of the Harderian gland (a gland of the eye af rodents) were 
significantly higher in high-dose mice than in controls. No evidence of a 
tumorigenic effect was observed at 25 mg/kg/day. Althougtnmice were given 
up to 500 times the human dose (HD) on a mg/kg body werght basis, blood 
levels of HMG-CoA reductase inhibitory activity were only 3 to 33 times 
higher in mice than in humans given 40 mg of ZOCOR. 

In a separate 92-week carcinogenicity study in mice at doses of up to 
25 mg/kg/day, no evidence of a tumorigenic effect was observed. Although 
mice were given up to 31 times the human dose on a mg/kg basis, plasma 
drug levels were only 2 to 4 times higher than in humams given 40 mg 
simvastatin as measured by AUC. 

In a 2-year study in rats, there was a statistically significant increase in the 
incidence of thyroid follicular adenomas in female rats exposed to 
approximately 45 times higher levels of simvastatin than humans given 40 mg 
simvastatin (as measured by AUC). Preliminary results fromea second 2-year 
rat study indicate an increase in the incidence of thyroid and liver tumors in 
male and female rats at doses that produce exposure levels 229 times 
(based on AUC) those achieved in humans at a dosage of 40 mg/day. Liver 
tumors are found in rodents with all the chemically similar drugs of this 
class. No increased incidence of tumors was observed at doses that 
produce exposure levels 15 times (based on AUC) those seen in man 

No evidence of mutagenicity was observed in a microbial mutagen test 
using mutant strains of Salmonella typhimurium with ar without rat or 
mouse liver metabolic activation. In addition, no evidence of damage to 
genetic material was noted in an /n vitro alkaline elution assay using rat 


hepatocytes, a V-79 mammalian cell forward mutation study, an in vitro 
chromosome aberration study in CHO cells, or an in vivo chromosomal 
aberration assay in mouse bone marrow. 

There was decreased fertility in male rats treated with simvastatin for 34 weeks 
at 25 mg/kg body weight (15 times the maximum human exposure level, based 
on AUC, in patients receiving 40 mg/day); however, this effect was not observed 
during a subsequent fertility study in which simvastatin was administered at this 
same dose level to male rats for 11 weeks (the entire cycle of spermatogenesis 
including epididymal maturation). No microscopic changes were observed in the 
testes of rats from either study. At 180 mg/kg/day (which produces exposure 
levels 44 times higher than those in humans taking 40 mg/day), seminiferous 
tubule degeneration (necrosis and loss of spermatogenic epithelium) was 
observed. In dogs, there was drug-related testicular atrophy, decreased 
spermatogenesis, spermatocytic degeneration, and giant cell formation at 
10 mg/kg/day (approximately 7 times the human exposure level, based on AUC, 
al 40 mg/day). The clinical significance of these findings is unclear. 
Pregnancy: Pregnancy Category X. See CONTRAINDICATIONS. 

Safety in pregnant women has not been established. Simvastatin was nol 
teratogenic in rats at doses of 25 mg/kg/day or in rabbits at doses of up to 
10 mg/kg daily. These doses resulted in 6 times (rat) or 4 times (rabbit) the 
human exposure based on mg/m? surface area. However, in studies with 
another structurally related HMG-CoA reductase inhibitor, skeletal 
malformations were observed in rats and mice. Simvastatin should be 
administered to women of childbearing potential only when such patients are 
highly unlikely to conceive and have been informed of the potential hazards. If 
a woman becomes pregnant while taking simvastatin, it should be 
discontinued and the patient should be advised again as to the potential 
hazards to the fetus 
Nursing Mothers: || is not known whether simvastatin is excreted in 
human milk. Because a small amount of another drug in this class is 
excreted in human milk and because of the potential for serious adverse 
reactions in nursing infants, women taking simvastatin should not nurse 
their infants (see CONTRAINDICATIONS). 

Pediatric Use: Salety and effectiveness in children and adolescents have 
not been established. Because children and adolescents are not likely to 
benefit from cholesterol lowering for at least a decade and because 
experience with this drug is limited (no studies in subjects below the age of 
20 years), treatment of children or adolescents with simvastatin is not 
recommended at this time. 

ADVERSE REACTIONS: In the controlled clinical studies and their open 
extensions (2423 patients with mean duration of follow-up of approximately 
18 months), 1.4% of patients were discontinued due to adverse experiences 
attributable to ZOCOR” (Simvastatin). Adverse reactions have usually been 
mild and transient. ZOCOR has been evaluated for serious adverse reactions 
in more than 21,000 patients and is generally well tolerated. 

Clinical Adverse Experiences: Adverse experiences occurring at an 
incidence of 1% or greater in patients treated with ZOCOR, regardless of 
causality, in controlled clinical studies are shown in the table below 





ZOCOR Placebo Cholestyramine Probucol 
(N=1,583) (N=157) (N=179) (N=81) 

Body as a Whole 

Abdominal pain 3.2% 3.2% 8.9% 2.5% 

Asthenia 16 25 13 12 
Gastrointestinal 

Constipation 23 13 29 1 12 

Diarrhea 19 25 78 af 

Dyspepsia 11 — 45 37 

Flatulence 19 13 145 62 

Nausea 13 19 10.1 25 
Nervous System/Psychiatric 

Headache 25 51 45 37 
Respiratory 

Upper respiratory infection 2.1 19 34 62 


The following effects have been reported with drugs in this class 

Skeletal: Myopathy, rhabdomyolysis, arthralgias. 

Neurological: Dysfunction of certain cranial nerves (including alteration 
of taste, impairment of extraocular movement, facial paresis), tremor. 
vertigo, memory loss, paresthesia, peripheral neuropathy, peripheral nerve 
palsy, anxiety, insomnia, depression. 

Hypersensitivity Reactions: An apparent hypersensitivity syndrome has 
been reported rarely which has included one or more of the following features 
anaphylaxis, angioedema, lupus erythematous -like syndrome, polymyalgia 
rheumatica, vasculitis, purpura, thrombocytopenia, leukopenia, hemolytic 
anemia, positive ANA, ESR increase, arthritis, arthralgia, urticaria, asthenia, 
photosensitivity, fever, chills, flushing, malaise, dyspnea, toxic epidermal 
necrolysis, erythema multiforme, including Stevens-Johnson syndrome. 

Gastrointestinal: Pancreatitis; hepatitis, including chronic active hepatitis, 
cholestatic jaundice, fatty change in liver, and, rarely, cirrhosis, fulminant 
hepatic necrosis, and hepatoma; anorexia; vomiting 

Skin: Alopecia. 

Reproductive: Gynecomastia, loss of libido, erectile dysfunction 

Eye: Progression of cataracts (lens opacities), ophthalmoplegia 

Laboratory Abnormalities: Elevated transaminases, alkaline phosphatase, 
and bilirubin, thyroid function abnormalities 
Laboratory Tests: Marked persistent increases of serum transaminases 
have been noted (see WARNINGS, Liver Dysfunction). About 5% of patients 
had elevations of CPK levels of 3 or more times the normal value on one or 
more occasions. This was attributable to the noncardiac fraction of CPK 
Muscle pain or dysfunction usually was not reported (see WARNINGS, 
Skeletal Muscle) 

Concomitant Therapy: \n controlled clinical studies in which simvastatin 
was administered concomitantly with cholestyramine, no adverse reactions 
peculiar to this concomitant treatment were observed. The adverse reactions 
that occurred were limited to those reported previously with simvastatin or 
cholestyramine. The combined use of simvastatin with fibrates should 
generally be avoided (see WARNINGS, Skeletal Muscle). 

OVERDOSAGE: Significant lethality was observed in mice after a single 
ora! dose of 9 g/m?. No evidence of lethality was observed in rats or dogs 
treated with doses of 30 and 100 g/m?, respectively. No specific diagnostic 
signs were observed in rodents. At these doses, the only signs seen in dogs 
were emesis and mucoid stools. 

There have been no cases of clinically significant overdosage with 
ZOCOR in humans. Until further experience is 


obtained, no specific treatment of overdosage 
with ZOCOR can be recommended e» MERCK 
For more detailed information, consult your Merck Representative or 


see Prescribing Information. MERCK & CO.. Inc., West Point, PA 19486. 
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After cardiac transplantation, cyc r 
velat —— exhibit a high incidence of ponte 
hy ros, tho mechanism of which is not 











| pol endothelial origin, may be activated by cy- 
.... elosporine-induced endothelial injury and there- 
fore may mediate post-transplant hypertension. 
in the present study, we tested whether im- 
munoreactive endothelin-1 could be detected by 
radioimmunoassay i in the plasma of cardiac trans- 
Mant recipients and if levels correlated with 
.. hemodynamic characteristics, cyclosporine level, 
or renal function as assessed by serum creati- 
nine. Plasma endothelin was measured in 22 
stable cyclosporine-treated patients 9 days to 3 
. years after successful orthotopic cardiac trans- 
plantation before routine hemodynamic assess- 
ment and surveillance endomyocardial biopsy. 
Fifteen patients were receiving chronic vagin cd 
. for hypertension. Plasma endothelin-1 was 5.2 + 
< 1.8 pg/ml (range 3.1 to 10.5), which was in- 

.. creased compared with that in 12 normal sub- 
-jects bans 0.3 pg/ml; range 1.4 to 2.4); the dif- 
ference w nt (p «0.0001). 

eated sampling i in 8 patients at weekly inter- 
med tified a gaere increase in endothelin 









lis increased after succosetul refe candinc 
transplantation. In the absence of discrete corre- 
. tations with hemodynamic varia , Serum crea 
.. tinine or cyclosporine levels, both the character- 
. istics and mechanisms for increased endothelin 
i in recipients of cardiac transplants require fur- 
` ther evaluation. 
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f Successful Cardiac Transplantation 
. on Plasma Endothelin 
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P. David Myerowitz, MD, Robert Kelley, MS, and Robert J. Cody, MD 


fter cardiac transplantation, cyclosporine-treated 
b patients have a high incidence of systemic hy- 
pertension.!-? This post-transplant hypertension 
is characterized by elevated systemic vascular resistance, 
normal cardiac output, and modest impairment of renal 
function? Although the mechanism for hypertension in 
cyclosporine-treated patients is unknown, it does not 
appear to be secondary to activation. of the renin- 
angiotensin system.°® Cyclosporine-associated sym- 
pathetic changes, however, have been implicated.’ A di- 
rect toxic effect of cyclosporine on the endothelium of 
the vasculature has been suggested and previous studies 
in animals have demonstrated that cyclosporine in- 
creases plasma and urinary endothelin, a potent vaso- 
constrictor peptide of endothelial origin.*-!! Endothelin 
has been shown to mediate renal vasoconstriction and 
glomerular dysfunction in rats treated with cyclospor- 
ine.'!!* The present study has 2 purposes: (1) to de- 
termine if circulating endothelin is elevated in cyclo- 
sporine-treated patients after successful cardiac trans- 
plantation compared with normal subjects, and (2) to 
determine if a correlation exists between endothelin and 
hemodynamic characteristics, serum creatinine or cyclo- 
sporine levels after successful cardiac transplantation. 


METHODS 

Study patients: The study consisted of 22 cyclo- 
sporine-treated patients 9 days to 3 years (mean 640 
days) after successful orthotopic cardiac transplantation. 
In addition to cyclosporine, patients were receiving stan- 
dard immunosuppressive therapy with azathioprine and 


prednisone. All patients were evaluated in the postab- 


sorptive, nonsedated state and were undergoing routine 
hemodynamic assessment and surveillance endomyocar- 
dial biopsy at the time of the study. Patients exhibiting. 
clinical evidence of severe allograft rejection such as 
new-onset exertional dyspnea, orthopnea, atrial or ven- 
tricular arrhythmias, recent fever, or other signs of post- 
transplant complications were excluded. Patients were 
also excluded if their endomyocardial biopsy histologic 
grade was >1A (focal mild rejection) according to the 
standard criteria described by Billingham et al? The 
study group included 13 men and 9 women aged 47 + 
10 years (range 32 to 59). Fifteen patients (68%) were 
receiving antihypertensive therapy at the time of evalua- 
tion and all patients were considered New York Heart 
Association functional class I. 

Hemodynamic evaluation: Hemodynamic studies 
were performed on the morning after an overnight fast 
immediately before endomyocardial biopsy. Cyclospor- _ 
ine had been given 12 hours before the study and aii 
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e right i internal [siens vein at the 
ardiac catheterization. In 8 patients, 
and | in 5 patie ghi) were Horne at weekly intervals 
to assess the reproducibility of our endothelin assay. The 
protocol was approved by the Human Research Com- 
mittee at the Ohio State University and written informed 
consent was obtained from each patient. 

A flow-directed, triple-lumen catheter was positioned 
in the pulmonary artery under fluoroscopic guidance. 
Heart rate (beats per minute) was recorded from a pre- 
cordial electrocardiographic lead. Pressures (mm Hg) 
included systemic blood pressure obtained with a 
brachial noninvasive cuff, right atrial pressure, pulmo- 
nary artery pressure as systolic, diastolic and mean, and 
pulmonary wedge pressure. Cardiac output was per- 
formed in triplicate by the thermodilution method and 
the average was expressed as cardiac index (liters/ 
min/m?) Systemic vascular resistance was calculated 
from the formula (mean arterial pressure — right atrial 
pressure) X 80/cardiac output. Pulmonary vascular re- 
sistance was derived from the formula (pulmonary ar- 
tery pressure — pulmonary wedge pressure) X SÜ/car- 
diac output. These resistance values were expressed as 
dynes * s/em’. These data were compared with data 
from normal subjects (ages 19 to 52 years) studied un- 
der identical conditions, which have been previously re- 
ported. !4 

Endothelin assay: Blood samples for plasma endo- 
thelin-1 were obtained at the time of hemodynamic de- 
termination. The assay for measurement of plasma en- 
dothelin-1 has previously been described.'^ Four millili- 
ters of venous blood was collected into chilled tubes 
containing 40% ethylenediamine-tetraacetic acid and 
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sis, abicere acidified i an n equal dede of 0.1% 
trifluoroacetic acid d and M ae at 20 00 di at PC sh 


(Pecaiinsula Pee that had been xiva RR 
60% acetonitrile in 0.1% trifluoroacetic acid, followed - 
by washing with 0.1% trifluoroacetic acid. After addi- 
tion of samples to the cartridges, endothelin was eluted 
with 60% acetonitrile in 0.1% trifluoroacetic acid. Sam- 
ples were dried overnight and stored at -80?C. Radio- . 
immunoassay was performed on reconstituted samples - 
by using rabbit antihuman endothelin-1 (Penninsula 
Laboratories). After overnight incubation at 4°C, !?5]. 
endothelin-1 was added, and incubation continued an 
additional 20 hours at 4°C. Immune complexes were 
precipitated. with goat antirabbit serum, and the precipi- - 
tates were counted for radioactivity. Cardiac transplant 
endothelin levels were compared with a control group - 
of 12 normal subjects (mean age 35 + 6 years [range 26 
to 45]. The normal group consisted of 6 men and 6 
women. In normal subjects, blood samples were drawn 
from a peripheral vein. All endothelin values were ex- 
pressed as picograms per milliliter. 

Statistical methods: Comparison. of normal and 
cardiac transplant endothelin levels and hemodynamics 
was by 2-tailed, unpaired z test. To identify relevant re- 
lations, regression analysis of hemodynamic values, se- _ 
rum creatinine and cyclosporine levels with plasma en- 
dothelin was performed. All values are expressed as 
mean + | SD. 





RESULTS 

Plasma endothelin: In normal subjects, plasma en- 
dothelin-1 was 1.9 + 0.3 pg/ml (range 1.4 to 2.4). In car- 
diac transplant patients, plasma endothelin-1 was 5.2 + 
1.8 pg/ml (range 3.1 to 10.5), p «0.0001 compared with 
normal subjects (Figure 1). Although there was a wide 
range of plasma endothelin in recipients of cardiac trans- 
plants, there was no overlap when compares with that 
in ncrmal subjects. m 

Plasma endothelin: serial measurements: The 
plasma endothelin levels in 8 patients who had 1 to 3 
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FIGURE 2. Plot shows endothelin-1 plasma levels in 
patients who had 1 to 3 additional levels 
ae Mone ee a eee a 








l addi samples drawn at has intervals are shown = ; 


in plasma endothelin: however, at no time did values de- 
‘crease toward the normal range. | 
. Hemodynamic and renal characteristics of car- 
diac transplant patients: Hemodynamic and renal 
characteristics of the transplant patients, compared with 
normal subjects, are listed in Table I. Statistically signifi- 
cant differences in heart rate, systemic and pulmonary 
pressures and resistances and serum creatinine are con- 
. sistent with changes that are typical of cyclosporine- 
... treated cardiac transplant patients. Even though mean 
p systemic arterial pressure was mildly elevated in the 
-study group and exhibited a wide range (88 to 132 mm 
Hg), there was no correlation of plasma endothelin with 
-blood pressure. Similarly, we found no significant corre- 
ation of plasma endothelin with other hemodynamic 
yarameters including systemic and pulmonary vascular 
— resistances. Also, endothelin level did not correlate with 
serum creatinine or cyclosporine level. In the 15 patients 
who were being treated with various antihypertensive 
drugs, plasma endothelin was 5.3 + 1.4 pg/ml. This was 
- . not significantly different from the endothelin levels (5.0 
— +27 pg/ml) in 7 patients requiring no antihypertensive 
` therapy. 


DISCUSSION 
We have demonstrated that plasma endothelin-1 is 
significantly elevated in cyclosporine-treated cardiac 
transplant patients compared with normal subjects. The 
absence of a correlation between endothelin level and 
. mean arterial pressure, systemic vascular resistance, or 
we _ other hemodynamic parameters contrasts with our find- 
.. ings in patients with congestive heart failure in whom 
circulating endothelin-1 was closely related to pulmo- 
- nary hemodynamics.? However, this observation does 
-. not detract from endothelin as a possible mediator of 
—. eyclosporine-associated hypertension, since the relation 
... between circulating endothelin and its biologic activity 
.. in specific vasoconstrictive disorders remains poorly de- 
~ fined. Endothelin may activate other neurohormonal va- 
soactive systems, thus complicating the relation between 
measured plasma endothelin and biologic effect. Never- 
theless, it has recently been shown in an animal model 
. that a twofold increase in endothelin plasma concentra- 
"tion can have significant biologic action including aug- 
-. mentation of renal and systemic vascular resistances." 
~ Therefore, the observations from the current study are 
intriguing in that circulating endothelin-1 was found to 
be uniformly elevated in a patient population where sys- 
.. temic hypertension is prevalent and a frequent cause of 

... morbidity. 

—'. . A potential role for endothelin as a mediator of cy- 
‘losporine-associated hypertension and renal dysfunc- 
has previously been suggested.9-!? Although the 
ism governing endothelin synthesis and release 
the endothelium has not been completely defined, 
prior studies have identified increased messenger ribo- 
nucleic acid activity for preproendothelin after endothe- 
lial damage.!5? It is by this mechanism that cyclospor- 
ay augment endothelin activity. Zoja et al? report- 
the t exposure of endothelial cells in vitro to different 






































TABLE | Hemodynamic and Renal Characteristics of Cardiac 
Transplant Patients and Normal Subjects 













Normal 
(n = 7) 


Transplant 
(n = 22) 





p Value 




























Heart rate (beats/min) 8629 59+ 7 «0.0005 

Arterial pressure (mm Hg) : 
Systolic 143 + 14 121 x 11 « 0.0005 
Diastolic 94+11 B0 x11 « 0.005 
Mean 110 * 10 94 x 10 < 0.0005 

Pulmonary pressure 

(mm Hg) 

Systolic 33 x7 2345 < 0.005 
Diastolic 19+5 12 £4 «0.005 
Mean 2325 1624 « 0.005 

Right atrial pressure 8+4 4 t4 «0.025 
(mm Hg) 

Pulmonary wedge pressure 14 x5 ilu «0.05 
(mm Hg) 

Cardiac index 2.]€0.57 2.7 * 0.36 NS 
(liters/ min/m?) 

Stroke volume index deck. 47 £9 «0.0005 
(ml/beat/m?) 

Systemic vascular resis- 1696 x 54 1302 + 297 «0.05 
tance (dynes s cm~”) 

Pulmonary vascular resis- 149 + 84 79 + 30 «0.025 
tance (dynes s cm) 

Serum creatinine (mg/dl) 1.4 x 0.5 LOcOl - €0025 






































concentrations of cyclosporine results in a time- and 
dose-dependent cellular injury. Lau et al? also identified 
a toxic effect of cyclosporine on cultured rat microvas- 
cular endothelial cells. The administration of cyclospor- 
ine to rats has been shown to increase urinary excretion 
of endothelin-1 and its precursor, big-endothelin.'? Per- 
ico et al!’ reported that endothelin mediates the renal 
vasoconstrictive effect of cyclosporine in rats. This ef- 
fect was reversed by antiendothelin antibody. Other in- 
vestigators?? found that cyclosporine stimulates synthe- 
sis of endothelin in human endothelial cell tissue cul- 
ture. Our finding that plasma endothelin-1 is significantly 
elevated in cyclosporine-treated cardiac transplant 
patients is consistent with these observations and further 
supports the hypothesis that the vasoconstrictive effect 
of cyclosporine may be in part mediated by endothelin. 
However, our results do not agree with those recently 
reported by Edwards et al?! These investigators com- 
pared endothelin levels in cardiac transplant patients 
treated with and without cyclosporine. Despite a high 
incidence of hypertension in the cyclosporine-treated 
group, plasma endothelin levels between groups were 
not statistically different. Ideally, post-transplant groups 
with and without cyclosporine should be further com- 
pared. The influence of prednisone or azathioprine, or 
both, on endothelin and the development of hyperten- 
sion also cannot be excluded, but a role for these agents 
has not been suggested from published reports.!? 
Although previous studies have shown that endothelin 
has a significant effect on renal hemodynamics and may 
mediate cyclosporine-induced glomerular dysfunc- 
tion, ^ we were unable to identify a correlation be- 
tween plasma endothelin and serum creatinine, consis- 
tent with previous publications. 3 

The present study does not exclude the possibility xw 
that increased plasma endothelin after cardiac trans- > 
plantation is related to elevated pretransplant levels. Iti is 
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with congestive. yen 
-ously been ‘shown that other abnormal neurohormonal 
. indexes associated. with heart failure tend to decrease 
after cardiac transpiantation.?*76 Starling et aP showed 


: . that atrial natriuretic peptide levels decline significantly 
_ after reversal of heart failure by cardiac transplantation. 
lt is probable that endothelin acts in a similar manner 


.. but serial measurements of endothelin before and early 
after transplant must be obtained to definitively address 
this issue. - 

. "The method used in this study for collection and 
measurement of endothelin has previously been report- 
ed by our laboratory.? The normal values in this study 
are consistent with those reported by other investiga- 
tors.!82! The stability of endothelin levels in specific pa- 
tients over a 1- to 3-week period (Figure 2) further sup- 
ports the reliability of our assay. A potential limitation 
of our method relates to the different sites from which 
blood collections were drawn in the 2 study groups. A 
peripheral venous site was used in normal subjects, 
whereas central venous blood was collected in transplant 
patients. Clearance studies of endothelin-1 have been 
performed and the data indicate that pulmonary circu- 
lation accounts for most of endothelin clearance.” 
Therefore, it is unlikely that a significant difference in 
endothelin concentration exists between peripheral ve- 
nous and internal jugular venous blood. 
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B P erioperative ambulatory electrocardiographic (ECG) 
.W monitoring for myocardial ischemia has been shown 
to be useful in predicting postoperative morbid cardiac 
... events, and postoperative myocardial ischemia was 
.... found to be the strongest predictor of perioperative car- 
-.. diac morbidity in 454 high-risk patients undergoing non- 
<- cardiac surgery.!? The populations studied were either 
-comprised largely of men, or women were not evaluat- 
separately. Because of concern that prediction of car- 
ac risk in women may not be definable by studies per- 
formed in predominantly male populations, and because 
the sensitivity and specificity of exercise ECG changes 
(including ST-segment depression) for detecting coro- 
nary artery disease are lower in women than in men,* 
we examined the usefulness of preoperative silent ische- 
mia identified by ambulatory monitoring by gender. 
In ail, 198 patients (91 women and 107 men) were 
studied, 146 of whom comprised the database of our 
previously reported study? All patients either had docu- 
mented coronary artery disease (prior myocardial in- 
farction or angina), were undergoing arterial vascular 
procedures or had 22 of the following risk factors: hy- 
pertension (as determined by prior diagnosis or the use 
—. Of antihypertensive medication, or both), diabetes, hy- 
— percholesterolemia (serum cholesterol 2240 hee ), age 
. 270 years and cigarette smoking (>15 pack-years). In- 
formed consent was obtained, as approved by the Yale 
Iniversity School of Medicine Human Investigation 
: Committee. 
<` - Study patients were monitored using a calibrated 
E amplitude-modulated ambulatory ECG monitor (Space- 
— Labs model 90205, Redmond, Washington) with modi- 
F fi ed bipolar leads V; and Vs. Ambulatory ECG record- 
ings obtained with lead Vs were analyzed at the end of 
the monitoring period for ST-segment changes on a 
¿© épaceLabs FT2000 computerized analysis system, and 
-> 24-hour ST-segment and heart rate trends were plotted. 
PUN All significant changes observed in the trend plots were 
os printed at 25 mmís, and ECG strips were reviewed by 
——. 2 investigators who were unaware of clinical outcome. 
Two patients with a normal baseline electrocardiogram 
who had persistent, nonspecific ST abnormalities on the 
ambulatory electrocardiogram were excluded because 
of concern that these changes may not be myocardial 
. ischemia. An ischemic episode by ÉCG criteria was de- 
— fined as either 21 mm horizontal or downsloping ST- 
segment depression or 22 mm ST-segment elevation 
-measured at 60 ms after the J point and persisting for 
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21 minute. The choice of preoperative medication, in- 
traoperative management, postoperative duration of 
monitoring and analgesia were at the discretion of the — 
primary anesthesia and surgical teams. A 12-lead elec- 
trocardiogram was obtained the morning of each day 
of ambulatory ECG monitoring, or more frequently if 
clinically indicated. Laboratory values including crea- 
tinine kinase-MB levels were obtained according to the 
policy of the primary physicians. Interviews of the pa- 
tients were conducted by a member of the research team 
on the first 3 days after surgery and again on the day 
of discharge. 

A postoperative cardiac event was defined as death 
from a cardiac cause, myocardial infarction as defined 
by new Q waves on electrocardiogram, or increased 
total creatinine kinase and an MB isoenzyme fraction 
>5% associated with new ECG changes, acute ischemic 
pulmonary edema (as diagnosed by the acute onset of 
shortness of breath with chest x-ray findings consistent 
with congestive heart failure and new significant ST- 
segment changes [either 21 mm horizontal or down- 
sloping ST-segment depression or 22 mm ST-segment 
elevation measured at 60 ms after the J point or T-wave 
inversion on 2 leads of a 12-lead electrocardiogram]), 
and unstable angina (defined as new, significant but 
transient ST-segment changes or T-wave inversion on 2 
leads of a 12-lead electrocardiogram with or without 
pain). 

The incidence of preoperative myocardial ischemia 
(as defined by the aforementioned ambulatory ECG cri- 
teria) was 159e (15 of 107) in men and 18% (16 of 91) 
in women (p = not significant [NS] by chi-square test). 
Only 1 patient (woman) had ST elevation; the remain- 
der had ST-segment depression. There was no signifi- 
cant difference in age between men and women (men 
70 + 10 vs women 68 + 10 years; p= NS by chi- 
square). The incidence of documented coronary artery 
disease was 48% (51 of 107) in men and 59% (54 of 
91) in women (p = NS by chi-square test), and was not 
a significant predictor of postoperative morbid cardiac 
events in either men or women. Preoperative myocar- 
dial ischemia was a significant predictor of morbid car- 
diac events in both men and women (Table I) (p «0.05 
by Fisher's exact test). In patients with preoperative my- 
ocardial ischemia on ambulatory electrocardiogram, 








TABLE | Predictive Value of Preoperative. Silent Ischemia by 
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de i inc | relative Fisk ofp postoperative. onde mor- 
bidity was 4.06 (1.47—1.2, 95% confidence intervals) in 
men, and 14.06 (3.1—63.4, 95% confidence intervals) in 
women. Given the power of this study, these relative risk 
ratios are not statistically different. 

In contrast to the ST-segment changes during exer- 
cise stress testing, the presence of preoperative ST-seg- 
ment changes during ambulatory monitoring indicative 
| similar predictive value for pe- 
. Tioperative cardiac morbidity in both men and women 
. in this high-risk group. The high negative predictive 
. . value of preoperative ambulatory monitoring, particular- 

<ly in women, suggests that in this selected, high-risk 
population, the absence of preoperative ischemia is an 
. excellent predictor of good outcome, and no further 


.. evaluation is necessary. Some investigators have sug- 


gested that the difference in the predictive value of ST- 
segment changes during exercise ECG testing between 


.. men and women may be related to a difference in preva- 


lence of coronary disease in the 2 cohorts. However, 
other investigators have shown that in a population with 
chest pain syndromes in which the prevalence of coro- 
nary disease is high and similar in both men and wo- 
men, the predictive value of a positive ECG test was still 
significantly lower in women than men.? Even in a pop- 





| ulation with typical angina, stress electrocardiography E 


had a lower sensitivity in women than in men for de- 
tecting coronary artery disease.® In contrast to exercise 
ECG testing performed for diagnostic purposes, our data 
support the notion that preoperative ECG changes dur- 
ing ambulatory monitoring are a valid method for peri- 
operative risk assessment in women with an increased 
prior probability of cardiac disease undergoing noncar- 
diac surgery. 
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Acute Pulmonary Edema After 
Children 


Tityus Serrulatus Scorpion Sting in 


Carlos Faria Santos Amaral, MD, Nilton Alves de Rezende, MD, and Lineu Freire-Maia, MD 


cute pulmonary edema due to scorpion toxins has 
Wbeen attributed to acute left ventricular failure re- 
sulting from massive catecholamine release or myocar- 
dial damage induced by the venom.'-? It has been pro- 
posed that pulmonary edema could also result from in- 
creased pulmonary vascular permeability produced by 
vasoactive substances that may be released by the 
venom.^ This report presents radiologic, electrocardio- 
graphic, enzymatic, echocardiographic and histopatho- 
logic evidence that support both cardiogenic and non- 
cardiogenic factors in the pathogenesis of acute pul- 
monary edema after Tityus serrulatus scorpion sting in 
children. 

Six Brazilian children (aged 3 to 9 years) with se- 
vere envenomation and pulmonary edema after scorpi- 
on sting were admitted to the intensive care units of the 
Hospital das Clínicas (patients 1 to 5) and Hospital 
 Maternidade Santa Rita (patient 6) from May 1987 to 
October 1991. The scorpions were examined and iden- 
tified as Tityus serrulatus. Data from patients 1 to 3 
were partially described in a previous paper? On ad- 
mission, chest x-ray and electrocardiograms were 
recorded and repeated when necessary. Blood samples 
were obtained for pH and blood gas measurements, and 


From Servico Especial de Cardiologia e Cirurgia Cardiovascular, Hos- 
pital das Clínicas da UFMG, Av. Prof. Alfredo Balena, 110, CEP 30.130 
Belo Horizonte, Minas Gerais, Brazil, and Departamento de Farma- 
cologia, Federal University of Minas Gerais, Belo Horizonte, Brazil. 
Manuscript received May 11, 1992; revised manuscript received and 
accepted July 8, 1992, 


242 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 71 


biocaemical and hematologic examinations. M-mode, 2- 
dimensional and Doppler echocardiographic examina- 
tions (Siemens Sonoline CF) were performed during the 
patients’ stay in the intensive care unit and repeated 
when they returned for follow-up 3 to 20 days after dis- 
charge from the hospital. 

The diagnosis of pulmonary edema was suspected 
when patients presented with tachypnea associated with 
cough, inspiratory retraction of the intercostal spaces 
and supraclavicular fossae, and, on auscultation, 
wheezes and moist or crepitant rales were heard over — 
1 or both lungs. The diagnosis was confirmed when ar- — 
teria! pH and blood gas measurements showed hypox- 
emia, and chest roentgenogram revealed alveolar infil- 
trates over one or both lungs. 

Treatment of scorpion envenoming consisted of 
intravenous administration of 40 ml of scorpion an- 
tivenom (FUNED, Belo Horizonte, Minas Gerais, Bra- 
zil), which are sufficient to neutralize 12 mg of the 
venom, followed by continuous evaluation of vital func- 
tions and electrocardiographic monitoring.? Pain at the 
site of the sting and vomiting were treated with intra- 
venous administration of dipyrone (an aminopyrine 
congener; 40 to 80 mgíkgíday) and metoclopramide 
(0.5 to 1 mg/kg/day), respectively. Pulmonary edema 
was treated with oxygen and intravenous furosemide (1 
mg/kg at 6-hour intervals), and in 2 of 6 cases, intra- 
venous administration of deslanoside (loading dose 
0.02 to 0.04 mglkg; maintenance dose 0.01 to 0.02 
mglkg/day). Mechanical ventilation was begun when 
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In keeping with its commitment to continuing — 
education in the medical profession, Eli Lilly and 
Company once again sponsored the Critical Care 
Cardiology Symposia, as it has since 1990. 


The moderator for both symposia was John M. 





Medicine,University of Texas Health Science Center, 
Houston, Texas. E 


Highlights of the two 1992 Symposia, held in... 
Tampa and San Diego, were the Case Competition 
in which six Case Presentations (see below) were | 
voted by those attended to be outstanding on the 
basis of their clinical interest and instructional value. 
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FLEXI PAK cic: Container) 


A package for OMNIPAQUE 
with safety, convenience and 


(9 1991 Sanofi Winthrop Pharmaceuticals 


[lexibility built in 


The safety package 


FLEXIPAK makes it simple to purge air from the 
flexible container before hanging to help reduce the 
potential for air emboli. The easily spiked port 
eliminates the possibility of infusing microscopic 
rubber particles from glass-bottle stoppers. And you 
don't need an air vent because the soft sides collapse as 
OMNIPAQUE flows. 


The convenience package 


No more waste and messy cleanups from broken glass 
bottles. And, FLEXIPAK is ready and easy to hang, 
even on crowded IV poles. FLEXIPAK lightens the load 
from setup to administration and all points in between. 


The flexibility package 


FLEXIPAK is flat and stackable for the best possible 
utilization of your storage space. And FLEXIPAK is avail- 
able in the concentrations and sizes used most often. 


100 mL 150mL 200 mL 
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E. TENDED FOR INTRATHEG 

: Caution: Federal law prohibits 


9 tà ... dispensing without prescription. gr 
ty ! 2 (250 mg Organically bound iodine), 
JR 121 mg tromethamine, and 0.1 mg 
art of the |o 
package! 
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See last page for important product information concerning con- | 
traindications, warnings, adverse reactions, patient selection, and 
prescribing and precautionary recommendations. | 


All nonionic iodinated contrast media currently available inhibit 
blood coagulation, in vitro, less than ionic contrast media. Clotting 
has been reported when blood remains in contact with syringes 
containing nonionic contrast media. Therefore, meticulous 
intravascular administration technique is necessary to minimize 
thromboembolic events. | 


-Sanofi Winthrop Pharmaceuticals 
New York,NY 10016 






























































PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. A SUMMARY FOLLOWS: 
DESCRIPTION: OMNIPAQUE is a sterile, pyrogen-free and preservative-free, nonionic, water-soluble radiographic 


contrast medium for intravascular administration in concentrations of 140, 240, 300, and 350 moimi. OMNIPAQUE 140 
contains 302 mg of iohexol equivalent to 140 mg of organic iodine per mL; OMNIPAQUE 240 contains 518 mg of iohexo! 
equivalent to 2 us vire iodine per mL; OMNIPAQUE 300 contains 647 mg of iohexol equivalent to 300 mg of 
organic iodine per mL; and OMNIPAQUE 350 contains 755-mg of iohexol equivalent to 350 mg of organic iodine per mL. 
Each mittiliter of iohexot solution contains 1.21 mg trometharmine and 0.1 mg edetate calcium disodium with the pH adjusted 
between 6.8 and 7.7 with hydrochloric acid or sodium hydraxide. Unused portions must be discarded. lohexol solution is 
Sensitive to light and should be protected from exposure. 
NTRAINDICATIONS: OMNIPAQUE should not be adrainistered to patients with a known hypersensitivity to iohexol. 
WARNINGS. General: Nonionic iodinated contrast media inhibit blood coagulation, in vitro, less than ionic contrast 
ia. Clotting has been reported when blood remains in centact with syringes containing nonionic contrast media. 
Qus, Tarely fatal, thromboembolic events causing myocardial infarction and stroke have been reported during 
ngiographic procedures with both ionic and nonionic contrast media. Therefore, meticulous intravascular administration 
xchnique 15 necessary, particularly during angiographic procedures, to minimize thromboembolic events. Numerous 
actors. including length of procedure, catheter and syringe material, underlying disease state, and concomitant medica- 
15, May Contribute to the development of thromboembolic events. For these reasons, meticulous angiographic techniques 
ate recommended including close attention to guidewire anc catheter manipulation, use of manifold systems and/or three- 
way Stópcocks, frequent catheter flushing with heparinized saline solutions and minimizing the length of the procedure. The 
ie 0f plastic syringes in place of glass syringes has beer: reported to decrease but not eliminate the likelihood of in vitro 


NIPAQUE should be used with extreme care in patients with severe functional disturbances of the liver and kidneys, 
thyrotoxicosis, or myelomatosis. Diabetics with a serum creatinine level above 3 wee should not be examined 
the sg benefits of the examination clearly outweigh the additional risk. OMNIPAQUE is not recommended for 
atients with anuria. 
Ha ae contrast agents are potentially hazardous in patients with multiple myeloma or other paraproteinemia, 
irticularly in those with therapeutically resistant anuria. Although neither the contrast agent nor dehydration has separately 
poen fo be the cause of anuria in myeloma, it has been speculated that the combination of both may be causative factors. 
je risk in myelomatous patients is nol a contraindication, however, special precautions are necessary. Partial dehydration in 
Ye preparation of these patients prior to injection is not recermmended since this may predispose the patient to precipitation 
| the myeloma protein in the renal tubules, No form of therapy, including dialysis, has been successful in reversing the 
fect. Myeloma, which occurs most commonly in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents. 

„donic contras! media, when injected intravenously or intra-arterially may promote sickling in individuals who are 
homozygous for sickle cell disease. 

“Administration of radiopaque materials to patients known or suspected of having pheochromocytoma should be 
performed with extreme caution. if, in the opinion of the physician, the possible benefits of such procedures outweigh the 
considered risks, the procedures may be performed; however the amount of radiopaque medium injected should be kept to 
t absolute minimum. The patient's blood pressure should be assessed throughout the procedure and measures for the 
eatment of hypertensive crisis should be readily available 
“Reports of thyroid storm following the use of iodinated, ionic radiopaque contrast media in patients with hyperthyroidism 
wi rear functioning thyroid nodule sugges: that this additional risk be evaluated in such patients before use 


contrast medium, 
fography viris be performed with caution in patients with severely impaired renal function and patients with combined 
and hepatic disease: 
HUN eneral: Diagnostic procedures which involve the use of radiopaque diagnostic agents should be 
ied qut under the direction. of personnel with the prerequisite training and with a thorough knowledge of the particular 
-procedure to be performed. Appropriate facilities should be available for coping with any complication ol the procedure, as 
-well-as lor emergency treatment of severe reactions fo the contrast agent itself. After parenteral administration of a 
fadiapaque agent, competent personne! and emer fazüities should be available for at least 30 to 60 minutes, since 
were delayed reactions have occurred (see ADVERSE REACTIONS: Intravascular-— General) 
; ry dehydration is dangerous and may contribute to acute renal failure in patients with advanced vascular 
Sease, in diabetic patients, and in susceptible nondiabetic patients (often elderly with preexisting renal disease), infants, 
smali children. ration in these patients seems t0 be enhanced by the osmotic diuretic action of urographic agents. 
believed that overnight fluid restriction prior to excretory urography generally does not provide better visualization in 
m patients: Patients should be well hydrated prior to and following administration of any contrast medium, including 


Acute renal failure has been reported in diabetic patients with diabetic nephropathy and in susceptible nondiabetic 
ients (often elderly with preexisting renal disease) following excretory urography. Therefore, careful consideration of the 
lal risks should be given before performing this raog fy aii procedure in these patients. 
mmedialely following surgery, excretory urography shoulti be used with caution in renal transplant recipients. 

sity of a reaction, E ma life-threatening, fatal, anaphylactoid or cardiovascular reactions should 
considered (see ADVERSE REACTIONS: Intravaseular— General) It is of utmost importance that a course of 
post Aic advance for immediate treatment of serious reactions, and thal adequate and appropriate 
readily available in case of any reaction. l 
bilily of an idiosyncratic reaction in susceptible patients should always he considered (see ADVERSE 
lravascular—General), The susceptible population includes, but is not limited to, patients with a history of a 
lion to contrast media, patients with a known sensitivity to iodine per se, and patients with a known clinical 
(persens;tivity: bronchial asthma, hay fever, and food atiergies. 
-Fhe occurrence of severe idiosyncratic reactions has prompted the use of several pretesting methods. However, pretesting 
t be relied upon to predict severe reactions and may itself be hazardous for the patient. It is Suggested that a thorough 
dical history with emphasis on allergy and hypersensitivity, prior 1o the injection of any contras! media, may be more 
accurate than pretesting in predicting potential adverse reactions. 

-À positive history of allergies or hypersensitivity does not arbitrarily contraindicate the use of a contrast agent where a 
agnostic procedure is thought essential, but caution shouid be exercised (see ADVERSE REACTIONS: Intravasculat.— 
General). Premedication with antihistamines or corticosteraids to avoid or minimize possible allergic reactions in such 

ients should be considered and administered using separate syringes. Recent reports indicate that such pretreatment 
does not prevent serious, life-threatening reactions, but may seduce both their incidence and severity l 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoale- or iothalamate-based ionic agents of 
batable iodine concentration, the potential transitory increase in the circulatory osmotic load in patients with congestive 

ee ae caution on eal These patients should be observed for several hours following the procedure 
t ic disturbances. 

General anesthesia may be indicated in the performance of some procedures in selected adult patients; however, a higher 
dence of adverse reactions has been reported in these patients and may be attributable to the inability of the patient to 
éntily untoward symptoms, or to the hypotensive effect of anesthesia, which can reduce cardiac output and increase the 
ifation of exposure to the contrast agent. l EN 
1giography ok be avoided whenever possible in patients with homocystinuria, because of the risk of inducing 
osis and embolism. 
angiographic procedures, the possibility of dislodging plaques or damaging or pertorating the vessel wall should be 
borne in mind during the catheter manipulations and contrast medium injection. Test injections to ensure proper catheter 
placement are recommended. peek l 
lective coronary arteriography should be performed oniy in those patients in whom the expected benefits outweigh the 
ial risk. The inherent risks of angiocardiography in patients with chronic pulmonary emphysema must be weighed 
ainst the necessity for performing this procedure. 
-OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium should be drawn into the 
and used immediately mE 
Ioni et equipment is used, scrupulous care should be taken to prevent residual contamination with traces of 
Parenteral. products should be inspected visually for particulate matter and discoloration prior to 
ulstration. If particulate matter or discoloration is present, do not use. . 
Patients: Patients receiving injectable radiopaque diagnostic agents should be instructed lo: 
jour physician if you are pregnant. 
i physician if you are diabetic or if you have multiple myeloma, pheochromocytoma, homozygous sickle cell 
disease, or known thyroid disorder (see WARNINGS — General). un 
inform your physician il you are allergic to man foad. o1 if you had any reactions to previous injections of dyes used 
for x-ray procedures (see PRECAUTIONS —-General). m Án 
inform your physician about any other medications you are currently taking, including nonprescription drugs, before you 
are administered this drug, — — i . | 
oratory Test inter : i iodine-containinc isotopes are to be administered for the diagnosis of thyroid 
iodine-binding capacity of thyroid tissue may be reduced for up to 2 weeks after contrast medium 
li Thyroid function tests which do not depend on iodine estimation, eg, T. resin uptake or direct 
Xine . ate not affected. Many radiopaque contras! agents are incompatible in vitró with some antihistamines and 
1 5; therefore, no other pharmaceuticals shouid be admixed with contrast agents. 
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Carcinogenesis, Mutagenesis, impairment of Fertility: No long-lerm animal studies have been performed to 
evaluate carcinogeric potential, mutagenesis, or whether OMNIPAQUE can affect fertility in men or women. 
Pregnancy Category B: Reproduction studies have been performed in rats and rabbits. with up to 100 limes the 
recommended human dose. No evidence of impaired. fertility or harm to the fetus has been demonstrated due to 
OMNIPAQUE. Therc are, however, no sludies in pregnant women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy only if clearly needed. 
Nursing Mothers: It is not known to what extent iohexol is excreted in human milk. However, many injectable contras 
agents are excreted unchanged in human milk. Although it has not been established that serious adverse reactions occur in 
nursing infants, cation should be exercised when intravascular contrast media are administered to nursing women. Battie 
n be substituted lor breast feedings tor 24 hours following administration of OMNIPAQUE. 
Pediatric Use: Pediatric patients at higher risk of experiencing adverse events during contrast medium administration 
include those having asthma, a sensitivity to medication and/or allergens, congestive heart failure, a serum creatinine > f. 
jdn or those less than 12 months of age. 

VERSE REACTIONS 


intravascular— General: Adverse reactions toliowing the use of OMNIPAQUE are usually mild to moderate in severity 
However, serious, Hfe-threatening, and fatai reactions, mostly of cardiovascular origin, have been associated with the 
iei iiA oo FU media, TON oe The deat ot cre media is oe tly 
associated with the sensation of warmth and pain, especially in peripheral angiography; pain and warmth are less frequent 
and less severe wit OMNIPAQUE than with many contrast media. : 
Cardiovascular System: Arrhythmias including PVCs and PACs (2%), angina/chest pain (1%), and hypotension (0.7%). 
Others including cardiac failure, asystole, bradycardia, tachycardia, and vasovagal reaction were reported with an individual 
incidence of 0.3% ar less. in controlled clinical trials involving 1,485 patients. one fatality occurred. A cause and effect 
relationship between this death and ichexol has not been established. 
Nervous 3 - Vertigo {including dizziness and lightheadedness} (0.5%), pain (3%), vision abnormalities [including 
blurred vision and aoe) (2%), headache (2%), and taste perversion (1%). Others including anxiety, 
fever, motor and speech dysfunction, convulsion, paresthesia, somnolence, stiff neck, hemiparesis, syncope, shivering, 
transient ischemic tack, cerebral infarction, and nystagmus were reported, with an individual incidence of 0.3% or tess. 
Respiratory System: Dyspnea, rhinitis, coughing, and mss with an individual incidence of 0.2% or less. 
nal System: Nausea (2%) and vomiting (0.7%). Others including diarrhea, dyspepsia, cramp, and dry 

mouth were reporter, with an individual incidence of less than 0.1%. 
Skin and Appendages: Urticaria (0.3%), purpura (0.1%), abscess (0.1%), and pruritus (0.196). 
. Individual adverse reactions which occurred to a significantly greater extent for a specific procedure are listed under that 
indication in full prescribing information. 
Pediatrics: in controlled clinical trials involving 391 patients for pediatric angiocardi EA uragraphy and contrast- 
enhanced Ear b dep head imaging, adverse reactions following the use of OMNIPAQUE 240, OMNIPAQUE 300 
and OMNIPAQUE 380 were generally less frequent than with adults, — 

Cardiovascular System: Ventricular tachycardia (0.5%), 2:1 heart block (0.5%), hypertension (0.3%), and anemia (0.3%). 

Nervous System Pain (0.8%). fever (0.5%), taste abnormality (0.5%), and convulsion (0.396) 

Respiratory System: Congestion (0.3%) and apnea (0.3%). 

Gastrointestinal system: Nausea (1%). hypoglycemia (0.3%), and vomiting (2%), 

Skin and ssl sd Rash (0.396). 
General Adverse Aeactions to Contrast Media: Physicians should remain alert for the occurrence of adverse effects 
in addition to those discussed above. The iot lice have been reported after administration of other intravascular 
iodinated contrast media, and rarely with iohexol. rans due to technique: hematomas and ecchymoses. Hemodynamic 
reactions: vein cramp and thrombophiebitis following intravenous injection, Cardiovascular reactions: rare cases of cardiac 
arrhythmias, reflex tachycardia. chest pain, cyanosis, hypertension, hypotension, peripheral vasodilatation, shock, and 
cardiac arrest. Renal reactions: occasionally, transient proteinuria, and rarely, oliguria or anuria. Allergic reactions: 
asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as urticaria with or without pruritus, as well as 
pleomorphic rashes: sneezing, and facrimation; and rarely. anaphylactic reactions. Rare fatalities have occurred due to this 
OF unknown causes, Signs and symptoms related to (he respiratory system: pulmonary or laryngeal edema, bronchospasm, 
dyspnea; at fo the nervous system: restlessness, remors, convulsions. Olher reactions: Pell pain, warmth, metallic 
laste, nausea, vomiting, anxiety, headache, confusion, pallor, weakness, sweating, localized areas of edema (especially facial 
Cramps), neutropenia, and dizziness. Rarely. immediate or delayed rigors can occur, sometimes accompanied by hyper- 
pyrexia. infrequently "iodism" (salivary gland swelling) from organic iodinated compounds appears 2 days after exposure 
and subsides by thesixth day 

in general, the reactions which are known to occur upon parenteral administration of iodinated contrast agents are 
possible with any nonionic agent Approximately 95% of adverse reactions accompanying the use of water-soluble 
intravascularly administered contrast agents are mild to moderate in degree. However, severe, life-threatening anaphylactoid 
reactions, mostly of cardiovascular origin, have occurred. Reported incidences of death range trom 6.6 per 1 million 
(0.000665) to 1 in 30,000 (0.01%). Most deaths occur during injection or 5 to 10 minutes later, the main feature being 
cardiac arrest, with cardiovascular disease as the main aggravating factor. isolated Jour of hypotensive collapse and shock 
afe found in the literature. The incidence of shock is estimated to be 1 out of 20,000 (0.00596) patients. 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the contrast media, the dose, and the speed of 
injection. AH hemodynamic disturbances and injuries to organs or vessels perfused by the contrast medium are included in 
this category. 

idiasyncratic reactions inciude all other reactions. They occur more frequently in patients 20 to 40 years old. Idiosyncratic 
reactions May or may nol be dependent on the amount of dose injected, the speed of injection, and the radiographic 
procedure. idiosyncratic reactions are subdivided into minor, intermediate, and severe. The minor reactions are self-limited 
and of short duration: the severe reactions are life-threatening and treatment is urgent and mandatory 

The reported incilence of adverse reactions to contras! media in patients with a history of allergy is twice that in the 
generat population. “alients with a history of previous reactions to a contrast medium are three limes more susceptible than 
other patients. However, sensitivity to contrast media does nol appear to increase with repeated examinations. 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start of injection, but delayed 
reactions may occur 

Regardless of thexcontrast agent employed, the overall estimated incidence of serious adverse reactions is higher with 
angiocardiography inan with other procedures. Cardiac decompensation, serious arrhythmias, angina pectoris, or 
myocardial ischemiaor infarction may occur during angiecardiography and left alie ned Electrocardiographic and 
hemodynamic abnormalities occur less frequently with OMNIPAQUE than with diatrizoate meglumine and diatrizoate sodium 


injection. 
CONSULT PACKAGE INSERT FOR A MORE DETAILED DISCUSSION OF ADVERSE REACTIONS FOR INTRA- 
VASCULAR USE CF OMNIPAQUE. 
OVERDOSAGE: Overd may occur The adverse effects of overdosage are life-threatening and affect mainly the 
pulmonary and cardiovascular systems. The symptoms include cyanosis, bradycardia, acidosis, pulmonary hemorrhage, 
convulsions, coma, and cardiac arrest. Treatment of an overdosage is directed toward the suppor! of all vital functions and 
prompt institution afsymptamatic maay 

The intravenous LD«s values of OMNIPAQUE {in grams of iodine per kilogram body weight) are 24.2 in mice and 15.0 in 
fats. 


DOSAGE AND ADMINISTRATION: Delails are provided in the package insert. 
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r the. aforementioned treatments did not correct DOE sion of dobutamine or dopamine (2.5 to 20 wglkg/min), 
emia. Positive end-expiratory pressure: was initiated or a combination. 
` when an inspired oxygen concentration >60% was nec- The clinical, radiologic, electrocardiographic, echo- 
essary to maintain arterial: partial oxygen pressure at cardiographic and laboratory data, and the outcomes 
>50 mm H 8. Shock Was treated with intravenous infu- of patients are listed in Table I. 





TABLE | Clinical, Radiologic, Electrocardiographic, Echocardiographic and Laboratory Data 
of Six Children with Pulmonary Edema After Tityus Serrulatus Scorpion Sting 


Patient No. 


Clinical 
Age/sex 
Time between sting and 
antivenom administration 
(hours) 
Time between sting and 
admission 
to ICU (hours) 
Arterial hypertension 
Shock 
Radiologic 
Cardiothoracic ratio » 0.5 
Distribution of lung edema 
Predominantly unilateral . 
Bilateral 
Peripheral 
Air bronchogram 
Electrocardiographic 
Myocardial ischemia and.i injury | 
Sinus tachycardia (rate. > 130, det 
beats/min) i 
Echocardiographic T 
Hypokinesia of LVPW and IVS O 
Ad% (29-45%) | |. 18 7 41 
Laboratory 
CK (10-80 U/I) 120 20 220 2,830 
Blood glucose (70—110 mg/dl) 175 125 275 368 
Serum amylase (60-160 U/di) 15 140 281 410 
Leukocytes 25,300 20,600 12,900 28,100 : 26,600 
(5,000-10,000/mm). 
Outcome Alive Alive Alive Alive Dead* 





*Necropsy was performed after death. 
CK = creatine kinase enzyme; Ad% = left ventricular fractional shortening; ICU = intensive care unit; IVS = 
interventricular septum; LVPW = left ventricular posterior wall; + = present; O = absent; — = not performed. 











E S T eria deren a over lft hng. Nr tremens in loft ine and oniargomost of caria 
after Tityus serrulatus scorpion sting. Bilateral, patchy and predominantly peripheral distribution of lung edema. Cardiac si 
houette i is enlarged (cardiothoracic ratio »0.5). 
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FIGURE 2. Features of lung of patient 6 who died with pulmonary edema and shock after Tityus serrulatus scorpion sting. A, 


anteroposterior chest reentgenogram obtained 16 hours after sting. Predominantly unilateral distribution of lung edema 
over right lung with air bronchograms. Mild opacification of upper left lobe with air bronchograms. Heart is not enlarged 
(cardiothoracic ratio «0:5). B, histologic picture of lung showing interstitial and intraalveolar edema, moderate mononuclear 
cell infiltration, fibrin exudation and hyaline membranes (arrows) (hematoxylin and eosin; bar = 50 pum). 


Lung edema was predominantly unilateral in 4 pa- 
tients and bilateral aad patchy in 2 (Figure 1). 

Echocardiographie examinations were performed in 
patients 1 to 4, and 6. All patients, except patient 4, 
presented with hypokinesia of the interventricular sep- 
tum and left ventricuiar posterior wall, and decreased 
left ventricular fraciional shortening. These changes 
were associated with a predominantly unilateral pulmo- 
nary edema in patients 2, 3 and 6. The echocar- 
diographic abnormalities were no longer detected 3 to 
20 days after the scorpion sting, when patients returned 
for follow-up. 

Patients 1 to 4 survived. Patient 5 died 16 hours 
after the scorpion sting, and patient 6 died 57 hours 
after the sting; both patients needed mechanical venti- 
latory support with 10096 oxygen and pulmonary end- 
expiratory pressure af 5 cm of water. Patient 6 was 
necropsied 10 hours after death, with family consent. 
Macroscopically, the right ventricle was dilated, and 
there was mild deviation of the interventricular septum 
to the left. The lungs were congested, edematous and 
stiffened, showing scattered areas of subpleural emphy- 
sema. Optical microscopy of the heart showed diffuse 
engorgement of the myocardial vessels and mild inter- 
stitial edema. Necrosts of the muscle cells was not ev- 
ident. Microscopy of the lungs showed septal thicken- 
ing, diffuse alveolar edema with prominent hyaline 
membrane, mononuc!ear cell infiltration and areas of 
alveolar collapse (Figure 2). 

Previous experimental? and clinicalé-!? studies 
provided evidence that pulmonary edema due to scorpi- 
on venom is associated with left ventricular dysfunction 
and myocardial damage. In our series, 4 of 5 patients 
showed depressed lef ventricular systolic function by 
echocardiographic examinations, 2 of 6 had cardiac en- 
largement on the chest x-ray, 3 of 5 had increased cre- 
atine kinase enzyme activity and 2 of 6 had electrocar- 
diographic changes of myocardial ischemia and injury. 
These findings suggest that cardiac compromise may 
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have contributed to the pathogenesis of pulmonary 
edema in these patients. However, patients also had ra- 
diologic, echocardiographic and histopathologic evi- 
dence that supports an increase in pulmonary vascular 
permeability as the pathogenetic mechanism of pul- 
monary edema after scorpion sting. 

Patient 4 had bilateral pulmonary edema in the ab- 
sence of left ventricular systolic or diastolic dysfunction 
assessed by means of echocardiographic-Doppler exami- 
nation. Therefore, pulmonary edema in this patient may 
be explained by a noncardiogenic mechanism. 

Radiologic data from this series showed predom- 
inantly unilateral pulmonary edema in most patients, 
associated with reduced left ventricular systolic function, 
assessed by means of echocardiographic examinations. 
Unilateral pulmonary edema secondary to left-sided 
heart failure seldom occurs in the absence of previous 
lung injury." Therefore, the predominantly unilateral 
distribution of lung edema associated with left ventricu- 
lar failure in these patients may be explained by 
simultaneous and localized increase in pulmonary vas- 
cular permeability induced by the scorpion venom. The 
patchy and peripheral distribution of lung edema and the 
presence of air bronchograms are also radiologic fea- 
tures cf pulmonary edema due to increased vascular per- 
meabilkity. '* 

Pathologic examination of the lungs of 1 patient 
showed macroscopic and microscopic findings compati- 
ble with a noncardiogenic acute pulmonary edema. 
These changes may be explained by lung damage and 
increased vascular permeability induced by scorpion 
venom. 

Therefore, data from this series suggest that cardio- 
genic and noncardiogenic factors are involved in the 
pathogenesis of acute pulmonary edema after Tityus 
serrulatus scorpion sting in children. It is probable that 
these factors may also be important in the development 
of pulmonary edema due to scorpion venoms from other 


species. 
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effects of Coronary Angioplast 





wm ercutaneous transluminal coronary dilation of left 
_ W anterior descending (LAD) ostial stenoses has been 
. considered a high-risk procedure, because of its prox- 
^ imity to the left main, and an increased trend toward 
.. abrupt closure.'? Dilation of ostial lesions in general has 
- mot been advocated based on data? available on right 
-— coronary ostial stenoses, which showed an increased rate 
: of acute complications, a low primary success rate and 
-. a relatively high restenosis rate. We retrospectively ana- 
lyzed our experience in 40 consecutive patients under- 
going coronary angioplasty of ostial stenosis in the LAD 
- to test the hypothesis that progressive coronary dilation 
.. may also enable safer dilation of stenoses at the origin 
‘of the LAD (i.e, lesions in which balloon positioning 
causes left main occlusion). 
_ We examined all patients from 1984 to 1991 who 
underwent coronary angioplasty of an ostial stenosis of 
the LAD and compared the results with a control group 
-of age- and sex-matched patients undergoing coronary 
angioplasty of stenoses in the proximal (nonostial) or 
— -mid-LAD during the same period. For purposes of this 
- study, ostial lesions were defined as lesions located 
within 0.5 cm of the orifice of the LAD, or those need- 
ing 21 half of the balloon being inflated within the left 
.. main coronary artery for dilation. Patients who had 
>: cardiogenic shock at the time of angioplasty, or those 
- unsuitable for coronary bypass surgery were excluded 
vos from the study. The final study group comprised 40 pa- 
— tients undergoing coronary angioplasty of a native os- 
- tial LAD stenosis. 
Primary angioplasty success was defined as a 
residual luminal diameter stenosis of A0% using quan- 
© titative videodensitometry. Dissection was defined ac- 
cording to the guidelines published by the National 
— Heart, Lung, and Blood Institute coronary angioplasty 
.. registry? A dissection was considered to be minor when 


"* 


it caused «5096 luminal obstruction and to be major if 
caused >50% obstruction. Restenosis was considered 
© present if the luminal diameter was obstructed by >50% 
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jJlasty Using Progressive Dilation on 
ft Anterior Descending Artery 
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at follow-up angiography? All stenoses were charac- 
terized according to lesion-type guidelines published by 
the American Heart Association/American College of 
Cardiology Task Force for coronary angioplasty? 

All patients had coronary angioplasty performed by 
the femoral approach using the standard over-the-wire 
technique. Each lesion was dilated using the progres- 
sive coronary dilation technique. This technique com- 
prises predilating the stenosis with an undersized bal- 
loon (2.0 or 2.5 mm), followed by maximal dilation with 
an optimally sized balloon (3.0, 3.25, 3.5, 3.75 or 4.0 
mm). The balloon catheters were exchanged over an ex- 
tended wire. The wire was not withdrawn before opti- 
mal dilation in any case. For LAD ostial stenoses, the 
undersized balloon was inflated using 7- to 9-bar (av- 
erage 8) pressure for 45 to 90 seconds, depending on 
the hemodynamic response to left main occlusion. Two 
inflations were made with the undersized balloon. The 
optimally sized larger balloon was inflated using 6- to 
8-bar (average 7) pressure for 45 to 90 seconds de- 
pending on the hemodynamic response. Two inflations 
were made with the optimally sized balloon. A similar 
protocol was used for the control group (proximal or 
mid-LAD location), except that the inflation time for 
each balloon varied between 60 and 90 seconds. 

Repeat angiography was performed in 24 of 40 pa- 
tients (6096) with ostial stenosis and in 21 of 40 con- 
trol patients (5296). Repeat angiography was performed 
at 1 to 14 months (mean 7) in the ostial stenosis study 
group and at 2 to 15 months (mean 6) in the control 
group. 

The baseline clinical characteristics and angioplas- 
ty results of both groups are listed in Table I. There was 
no significant difference between study and control pa- 
tients regarding age, degree of left ventricular dysfunc- 
tion, unstable angina or recent thrombolytic therapy. Al- 
though the control group had a greater percentage of 
patients with hypertension, diabetes mellitus, tobacco 
use and multivessel disease, this did not reach statistt- 
cal significance. Patients with ostial stenosis had a _ 
greater frequency of recent myocardial infarction and — 
hypercholesterolemia; however, this did not reach sta- 
tistical significance. 
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TABLE | Baseline Patient Characteristics and Percutaneous 
Transluminal Coronary Angioplasty Results : 









Ostial 
(n = 40) 


Nonostial 
(n = 40) 


Mean age (year) 


Men/ women 26/16 26/16 
Ejection fraction (96) 43 x 10 42 £8 
Thrombolysis (recent) 7 8 
- Systemic hypertension 20 27 
Diabetes mellitus 8 12 
|. Hypercholesterolemia > 240 mg/di i5 9 
. Unstable angina 8 6 
— Cigarette smoker 16 24 
Numbers of coronary arteries dilated 
> 50% diameter stenosis 
i vessel | 19 6 
/—. »1 vessel 23 27 
Myocardial infarction « 4 weeks 17 12 
| Mean no, of stenoses dilated 2x1 2541 
|). Type A : 0 17 
| OTypB —0 39 23 
TypeC 3 2 
Primary success rate 40 (100%) 39 (97.5%) 
Before angioplasty stenosis (%) 86 «9 88 + 8 
After angioplasty stenosis (%) 11 +10 17 +10 


All values not significant at p < 0.05. 









The lesion characteristics and mean number of 
stenoses dilated during the procedure are listed in Table 
I. Although most patients underwent multilesion or mud- 
tivessel angioplasty, the mean number of stenoses di- 
lated was similar in both groups. Because the Ameri- 
can Heart Association/American College of Cardiology 


FIGURE 1. Typical example of results of angioplasty using 
progressive coronary dilation of ostial left anterior descend- 
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Task Force for coronary angioplasty classification sys- 
tem elasses all ostial stenoses as type B, this mandated 
a statistically lower number of type A lesions and a 
statistically ereater proportion of type B lesions in the 
study group than in the control group. There was no 
statistically significant difference between type C lesions 
dilated in the 2 groups. The mean numbers of stenoses 
before and after coronary angioplasty, as well as the 
primary success rates of both groups, are listed in Table 
I. The primary success rate was 100% in patients with 
ostial stenoses versus 97.5% in the control group. Fig- 
ure 7 shows the angiograms of a dilation of an LAD 
ostial stenosis before and after coronary angioplasty. 
Figure 2 demonstrates the results of a dilation of a LAD 
stenosis before and after angioplasty, showing total oc- 
cluston of the LAD at its origin. Although the mean 
stenesis rate before angioplasty was similar in both 
groups (86% in ostial vs 88% in control patients), that 
after angioplasty was greater in the control group (17 
vs 1%; p = not significant) (Table I). 

There was a slightly greater incidence of minor dis- 
secttons in the control group (20 vs 796; p = not signifi- 
canti. There was no difference in the incidence of myo- 
cardtal infarction, major dissection, death, abrupt clo- 
sure. and necessity of coronary artery bypass surgery 
between the 2 groups. 

Follow-up coronary angiography was performed in 
24 af 40 patients (60%) with ostial stenosis and in 21 
of 40 control patients (52%). Although the mean inter- 
val before repeat angiography was slightly longer in the. 
study group than in the control group, this did not reach... 





FIGURE 2. Progressive coronary angioplasty 
sion of left anterior descending stenosis. A, before angio- 
ing stenosis. A, before angioplasty. B, after angioplasty. plasty. B, after angioplasty. 
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—— both groups. 
.— This study shows that coronary angioplasty of a na- 
 — tive ostial LAD can be safely performed with a prima- 
- ry success rate virtually the same as that of a proximal 
-. ormid-native LAD. Previous studies also suggested sim- 
-. iar results. Whereas the results of Nakhjavan et al’ were 
. - hindered by a small sample size, our results are compa- 
© rable to the preliminary observations of Simon et al? 
-< who reported that dilation of the origin of the LAD can 
-be safely performed. Our primary success rate was high- 
over than that of either study, which may either relate to 
evolving experience and technology or be the result of 
; the progressive coronary dilation technique. 
- The acute complication rate, including incidence of 
dissection, abrupt closure, necessity of emergency coro- 
artery bypass surgery, incidence of myocardial in- 
ction and death, was not statistically different between 
the 2 groups. The incidence of dissection closely paral- 
- leled that found by Simon et al? In most cases in both 
this study and that of Simon, dissection in the area of 
< the left main coronary artery was relatively well-tolerat- 
_ ed without hemodynamic compromise. The incidence of 
z emergency coronary artery bypass surgery as reported 
.. by Simon in patients undergoing coronary angioplasty of 
— Ostial stenosis was approximately 5.3%, substantially 
— greater than that found in this study, with no patient 
.. needing coronary artery bypass surgery in either group. 
_... The incidence of coronary artery bypass surgery in this 
-. "study was also less than that found by Bredlau et al? for 
all patients undergoing elective coronary angioplasty. 
. This finding may have been influenced by the small 
.sample size of our study. Furthermore, the incidence of 
myocardial infarction in this study was lower than that 
found by Simon. However, the overall mortality rate in 
patients with ostial stenosis was similar to that found by 
both Simon and Nakhjavan et al.’ 
. Restenosis remains a limitation to the long-term 
benefits of coronary angioplasty. Previous studies found 
lesions in the LAD to have the greatest propensity for 
tenosis,!! especially proximal versus mid- or distal 
LAD arteries. We were unable to calculate exact reste- 
nosis rates because only 6096 of study patients compared 
with 52% of control patients had repeat angiography. 
. The inability to restudy all patients usually creates bias 
-toward the restudy of sicker patients, and overestimation 
of restenosis rates." However, regardless of this limita- 
t on, we found an identical rate of restenosis in both 
- groups. 
" This study indicates that the success and complica- 
tion rates for coronary angioplasty of ostial native LAD 




















































i statistical signifi icance. The restenosis rate was 38% in using. the. progressive coronary dilation echr 


similar to those for the proximal or mi mid-native LA D. T 
There was no incidence of major dissection, abrupt oc- 
clusion, emergency coronary artery bypass surgery or 





death in this series. Thus, progressive coronary dilation — 


appears to be a safe approach for dilation of lesions in. 


such locations. Although atherectomy and excimer laser — 


coronary angioplasty are currently considered to be fa- 


vorable alternatives for ostial lesions, no studies com- — 
paring acute success and complication rates using these. oe 
techniques are available. 5 Further evaluation of the pro- 


gressive coronary dilation technique for ostial lesions of 
the LAD is needed in larger groups of patients. = 

Whether the high procedural success rate and lower — 
acute complication rate using this technique i in the LAD — 
artery extend to the ostial right ae ud or ostial Se 
graft lesions needs to be evaluated. re 
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A denosine is a naturally occurring purine metabolite 
" that i is widely used for the termination of junction- 
-arrhythmias. Its cardiac actions are mediated by both 
a direct effect and a complex interaction with the 
^ autonomic nervous system. To assess the relative im- 
- portance of these 2 actions in vivo, the effects of adeno- 
-sine on atrial repolarization and atrioventricular (AV) 
-conduction in the transplanted human heart were com- 
pared with those in normally innervated control subjects. 
. .The study cohort comprised 26 patients; 12 had un- 
der, "'eone orthotopic cardiac transplantation within the 
| prec eding 3 to 16 months (Table I). Three patients had 
-previously documented episodes of spontaneous atrial 
flutter, with 1 needing cardioversion. The arrhythmia 
„occurred in 1 patient in the early postoperative phase, 
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TFT 
(mos) 


Age (yr) 


PL & Sex imm. Before 











de € Aza., CyA, P 

2  -:.38M 9 Aza., CyA, P 200 155 
|. 3 58M 6 Aza., CyA 275 265 
4 56M n Aza., CyA 225 135 

5 51M 7 Aza., CyA 230 125 
6 56M 7 Aza., CyA, P 240 150 
3 62M Ñi Aza., CyA 200 155 

8 | 53M 6 Aza., CyA 235 170 
409 54M 11 Aza., CyA 267.5 180 
10. 50M © 3 Aza., CyA, P 285 230 





NUT AV = atrioventricular; Aza. = azathioprine; CyA = cyclosporin; Imm. = 
Tarpan 






Diagnosis Baseline After % 


AVNRT 





60F 





1 215 180 
2 20M Postop. 260 220 
3 46M Postop. 215 215 
4 22M WPW 184 180 
5 33M WPW 215 197.5 
6 55F AVNRT 235 215 
o7 6M VT 280 205 
. 8 18M WPW 190 175 
209. 60M WPW 220 147.5 
..10 29M Syncope 220 135 
zl 24M WPW 220 167.5 
12 28F Concealed WPW 285 195 
213 64M WPW 217.5 200 
14 38M WPW 217.5 200 







AVNRT = atrioventricular nodal reentrant VICARIA; Postop. = 
| White syndrome; other abbreviations as in Table i. 





| peer Effects of Adenosine on Atrial Repolarization and Atrioventricular Coaduction on Transplant Group 


After 


: immunosuppressive drug regimen; MAP = monophasic action potential; P = prednisolone; TFT = time from 


MAP Shortening 


= postoperative division of accessory pathway; VT 


























whereas 2 developed symptoms late after transplanta- — 
tion. in 1 patient, the arrhythmia was associated with 
an episode of severe cardiac rejection. The electrophysi- 
ologic study was performed at the time of routine endo- 
myocardial biopsy in this group. All patients were — 
hemodynamically stable, with only I having mild car- > 
diac rejection (Billingham classification) on right ven- > 
tricular biopsy. Fourteen subjects undergoing routine — 
diagnostic electrophysiologic study constituted the con- 
trol group (Table Il). Patients were studied in the 
postabsorptive, nonsedated state after withdrawal of all 
antiarrhythmic drugs for 25 half lives (3 months in the 
case of amiodarone). Written, informed consent was ob- _ 
tained in all cases, and the study protocol was approved Lum 
by the district medical ethics committee. CU 
A 6Fr catheter with silver-silver chloride electrodes 
for monophasic action potential (MAP) recording was 
introduced through the femoral or internal jugular vein 
and positioned under fluoroscopic guidance in firm ap- 









MAP Shortening AV Block 









% Change Onset Duration » Duration is 














Onset 


15.5 


22. 5 10.5 15 15 10.5 
3.6 13.5 3 No AY block 
4) 10.5 15 13.5 10.5 
45.6 9 25.5 12 12 
37.5 16.5 16.5 19.5 7 
22.5 9 25 19.5 10.5 
27.6 9 25.5 10.5 15 
32 13.5 22.5 22.5 10.5 
17.5 24 12 No AV block 








“AV Block 








Change ‘Onset Duration Onset Duration 















16.2 10.8 12 14.4 ; 
15.3 10.8 12 19.2 3 
0 O 9 No AV block Q 
2.2 16 3 Preexcited — 
8.1 20.4 8.4 Preexcited — 
8.5 16.8 9.6 No AV block 0 
26.7 7.5 22.5 16.5 2 
7.9 12 9 Preexcited — 
32.9 21.6 13.2 21.6 — 7.2 
38.6 12 9 . No AV block 0 
23.8 ? 75 Preexcited — 
31.5 9 3 10 3 
8.0 9 20 15.5 7.5 
(block in AV node and pathway) 
8.0 18 12 Preexcited — 











Po 
bd 


ventricular tachycardia; WPW = Wolff-Parkinson- 
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satisfactory MAP recording pained. Recording of " m 
the MAP using this contact catheter technique has been — 
hown to accurately indicate the onset, duration, upstroke were considered satisfactory. "d 
configuration and relative changes in amplitude of the After 3 minutes of constant rate atrial pacing. at a i 
transmembrane action potentials. The signals were am- cycle length of 500 ms to enable stabilization of the = 
plified using a commercially available differential, di- MAP, 6 mg of adenosine were administered by rapid in- 
rect-current-coupled pre-amplifier with a frequency re- — travenous bolus through a forearm vein, followed by a. 
dud of 0 to 5,000 Hz (EP. na: Inc.). The 5 ml bolus of physiologic saline solution. MAP dura- 


wide a iio. baseline ra "is mV amplins e and . ss "m 
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‘cation 


dll cases. The baseline MAPDog was averaged 


beats before the administration of adenosine ar 


the loss of constant atrial capture due to either spon 
taneous atrial ectopics or an accelerating sinus rate 


The onset of shortening of the MAP was considered the 


point at which MAPD»o, shortened by »5 ms from the 


minimum baseline value, and the offset was similarly — 


defined. 
The effect of adenosine was compared in the same 
patient before and after adenosine using paired t tests. 
For comparisons between the transplant and control 
groups, the data were normalized and then compared 
using unpaired t tests. A p value «0.05 was considered 
statistically significant. 
Satisfactory MAP recordings were obtained in 10 of 
12 transplant patients. [n 1 patient, satisfactory record- 
ings could be obtained from the recipient atrium only. 
In 1 patient, no satisfactory recording could be obtained 
from either the donor or recipient atrium. Satisfactory 
MAP recordings were obtained in all 14 patients in the 
control group. 
Adenosine markedly shortened the atrial MAP in 
both groups (transplant 238 + 29 to 170 + 45 ms [p 
«0.001], and control 227 + 29 to 188 + 25 ms 
[p = 0.001]) (Figures 1 and 2). The percent shortening 
of MAPD in the transplant group was significantly 
greater than in the control group (28.9 + 12.8% vs 16.2 
t 12.3%; p «0.05). There was no difference between 
the 2 groups in the time of onset of MAP shortening 
(13.5 + 5.1 vs 12.7 € 58 seconds). However, the du- 
ration of MAP shortening was significantly greater in 
the transplant than control group (19 + 8.1 vs Ll + 
7.5 seconds; p «0.05). AV block occurred in 8 of 10 
patients in the transplant group and in 6 of 9 in the 
control group who did not have evidence of ventricular 
preexcitation (Figure 2). The time to onset of AV block 
was similar in the 2 groups (16.0 + 4.1 vs 162 + 4.0 
seconds). The duration of AV block was significantly 
greater in transplant patients (8.2 + 49 vs 34 4 34 
seconds; p «0.05). in the transplant group, 6 of the 8 
patients had AV block for >10 seconds, whereas the 
longest period of AV block in the control group was 8 
seconds. We originally intended to study 2 doses of 
adenosine — 6 and 12 mg — these being the recom- 
mended doses in the nontransplant population. Howev- 
er, because of the profound effects of 6 mg of adeno- 
. sine on AV conduction, it was not considered safe to 
administer the 12 mg dose in the absence of backup 
ventricular pacing. 

.. The results show that in the transplanted human 
.. heart, the donor atrium has increased sensitivity to exog- 


.. enous adenosine, which is manifest as a greater and 


more prolonged shortening of the atrial MAP. Further- 
more, we confirmed the previously reported supersensi- 
tivity of AV nodal tissue to adenosine.! Denervation su- 
persensitivity to adrenergic and cholinergic neurotrans- 
mitters is thought to be due to either an increase in 
surface receptor density or upregulation of postreceptor 
secondary messengers.^? Although adenosine is not re- 


was. b 
then measured every 1.5 seconds for 1 minute or until- che | | 
. potassium current and exert a moderate inhibitory effect - 
.. on the catecholamine-stimulated inward calcium current. 
This results in marked shortening of action potential du- 
. ration, 
.tion of automaticity, and a decrease in contractility. Up- 
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hyperpolarization of the cell membrane, inhibi- 


regulation of these shared G proteins is perhaps the most 


likely explanation for the adenosine supersensitivity 
demonstrated in this study. 

The results of this study have several physiologic and 
possibie clinical implications. First, when adenosine is 
administered by intravenous bolus, the initial direct ef- 
fects on the heart are followed by a phase of reflex 
sympathetic activation. This study demonstrates that the 
shortening of the MAP observed in the nondenervated 
heart ts a direct myocardial effect and is not dependent 
on reflex sympathetic activation. Second, it has been 
suggested that in the transplanted heart, the exaggerated - 
bradycardic response of the sinus node and dromotrop- 
ic response of the AV node to adenosine are not due to 
increased myocardial sensitivity, but simply reflect an ab- 
sence of adenosine-induced sympathetic activation. This 
is a valid argument for the effects on the sinus and AV 
nodes. where adenosine and adrenergic stimulation exert 
opposing effects. However, the effects of the 2 stimuli 
on atrial repolarization are concordant (ie., they both 
shorten the atrial MAP). Therefore, the absence of re- 


flex stimulation would tend to minimize rather than — 
maximize the effect of adenosine on the donor atrium. — 


The exaggerated shortening of the MAP in the donor 
atrium demonstrates that the supersensitivity of the 
transpianted heart to adenosine is due to a direct increase 
in myocardial sensitivity. 

Recent observations in the innervated heart suggest 
that endogenously released adenosine may exert measur- 
able cardiac electrophysiologic effects, even in nonhy- 
poxic conditions? In the transplanted heart, the exagger- 
ated response to endogenous adenosine may have a role 
in the development of arrhythmias, particularly in cases 
associated with increased adenosine release such as hyp- 


oxia and possibly rejection. Thus, the sinus bradycardia — 
associated with acute cardiac rejection has been success- — 


fully treated with the purine antagonist theophylline.$ 
Similarly, the profound effects of adenosine on atrial re- 
polarization could have a contributory role in the reen- 
trant atrial arrhythmias that continue to represent a clini- 
cal problem even in patients treated with cyclosporine. 
This suggests the possibility that theophylline or other, 
more specific, purinergic antagonists could be used to 
treat recurrent atrial flutter in this patient group. Finally, 
we agree with the recent recommendation that a lower 
initial dose of intravenous adenosine should be used in 
transplant recipients; we would suggest 25 to 50% of 
the standard dose recommended for nontransplant pa- 
tients. 
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Atrial Flutter Causes Pseudo La 
Electrocardiogram | 


ate | Potentials on Signal-Averaged 


Kostas A. Gatzoulis, MD, Lee A. Biblo, MD, Albert L: Waldo, MD, and Mark D. Carlson, MD, MA 


ae S ignal-averaged electrocardiography (SAECG) is 
; useful tool for determining which patients are at risk 
for sustained ventricular tachycardia.'? In patients at 
sk for sustained ventricular tachycardia, SAECG often 
hows high-frequency and low-amplitude electrical 

ctivity at the terminal portion of the QRS complex. 
- This electrical activity is thought to be due to slow con- 
- duction in scarred or abnormal ventricular myocardial 
tissue and is usually not apparent on the standard 12- 
lead surface electrocardiogram."-? During atrial flutter, 
flutter waves may occur before, during or after ventric- 
ular systole. Atrial flutter waves that. occur during ven- 
tricular diastole frequently appear as ‘‘sawtooth’’ waves 
on the standard 12-lead electrocardiogram, particularly 
in the inferior limb or anterior chest leads. However, 
atrial flutter waves that occur during ventricular systole 
may be obscured by the QRS complex. To test the hy- 
pothesis that atrial flutter waves that coincide with the 
terminal portion of the QRS complex cause low-ampli- 
tude electrical activity and thus result in a pseudo late 
potential on the electrocardiogram, we performed 
_ SAECG in 9 patients during atrial flutter and normal 

. sinus rhythm. 

. . All SAECGs were performed by the same technician. 
The mean interval between SAECG performed during 
. atrial flutter and after conversion to sinus rhythm was 
S 7 7 + 1 days (range 4 hours to 22 days). SAECG was 
performed with the Arrhythmia Research Technology 
 (ART-EPX 1200) system. Three orthogonal leads (x, y 
- and z) were used. At least 200 beats were recorded and 
averaged on each occasion. A template recognition 
created by the first 8 beats was used to reject noise and 
ectopic beats. All signals were digitized and amplified 
C before being filtered with a bidirectional Butterworth 
<filter at a band-pass of 40 to 250 Hz. All recordings 
— were obtained at a noise level «0.5 uV. A computer al- 
— gorithm identified the onset and offset of the initial and 
terminal portions of both the filtered and unfiltered QRS 
complex. This was verified by 2 blinded investigators. 
The duration of the filtered QRS complex, of low-am- 
plitude signal («40 uV) at the terminal portion of the 
QRS complex, and the root-mean-square of the last 40 
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ms of the filtered QRS complex were also determined. 
Late potentials were considered present if any 2 of the 
following 3 criteria were satisfied: (1) filtered QRS 
complex duration >120 ms, (2) low-amplitude signal 
duration »40 ms, and (3) root-mean-square of the ter- 
minal 40 ms of the QRS complex «25 pV. 

The onset and offset of the filtered atrial flutter and 
P waves in each orthogonal lead were identified by 2 
observers, and the flutter wave duration was calculat- 
ed. The time of the flutter waves relative to the filtered 
ORS complex was also analyzed, and flutter waves were. 
classified as occurring at the onset, during or at the ter- 
minal portion of the QRS complex. A flutter wave was 
classified as occurring during the QRS complex only if 
both the onset and offset of the flutter wave were with- 
in the filtered QRS complex. Student's paired t test was 
used to detect any differences before and after conver- 
sion to sinus rhythm. Differences with p values <0.05 
were considered significant. 

The mean age of the patients was 60 + 15 years 
(range 39 to 69). No patient had a history of sustained 
ventricular tachycardia. Four patients had left ventricu- 
lar hypertrophy due to hypertension, 2 had dilated car- 
diomvopathy, 1 had a prosthetic mitral valve replace- 
ment, 1 had recurrent syncope, but no inducible ven- 
tricular tachyarrhythmias at electrophysiologic study, 
and 1 had a history of aborted sudden cardiac death 
due to ventricular fibrillation. In the latter patient, pro- 
grammed ventricular. stimulation did not induce sus- 
tained ventricular tachycardia. All but Z patients were 
receiving antiarrhythmic drugs. All patients were on the 
same drug regimen at the time when both signal-aver- 
aged elec TOROS ams were obtained. Atrial flutter 
was accompanied by 2:1 atrioventricular conduction in 
each patient. 

All records had a noise level «0.4 pV. The. mean 
standard (unfiltered) QRS complex duration did not dif- 
fer before and after conversion to sinus rhythm (97 * 
3 vs 99 + 2 ms). However, all 3 mean signal-averaged | 
electrocardiographic parameters were signifi cantly dif- ^ 
ferent before and after conversion to sinus rhythm. The 


mean filtered QRS duration (137 + 13 vs 104 € 2 ms) — 


and the duration of low-amplitude signals (64 + 13 vs 
s 4 ms) were longer during atrial flutter than dur- 
ing sinus rhythm. Similarly, the mean root-mean-square 
voltage of the terminal 40 ms of the QRS complex was 
lower during atrial flutter than during sinus rhythm (17 
+ 6 vs 37 + 5 pV). A late potential was present in 6 — 
of 9 patients during atrial flutter, but in only 1 after 


conversion to sinus rhythm. Thus, pseudo late potentials — 


were present in 5 of 9 patients during atrial flutter. 
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-al flutter and sinus rhythm (Figure 1). However, flutter 
waves were not superimposed on the terminal part of 
-the QRS complex in any of the 3 patients without pseu- 
do late potentials on SAECG (p = 0.01) (Figure 2). In 
these 3 patients, flutter waves occurred at the onset or 
Within the QRS complex. The ratio of flutter wave dura- 
„tion to the ventricular cycle length was greater in pa- 
tients with pseudo late potentials (Table I). Flutter wave 
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limited. The atrioventricular conduction ratio during m 
atrial flutter was not related to the presence ofa late — 
potential (2:1 in each patient). | 
Ths is the first study to show that atrial flutter af- 
fects the accuracy of SAECG. Several: other factors in- 
cluding the presence of noncoronary heart disease, bun- 
dle branch block or intraventricular conduction delay 
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." and history of cardiac arrest due to ventricular fibrilla- 
—. tion have been shown to decrease the predictive accura- 
. cy of SAECG!'-? The timing of the test relative to 
myocardial infarction affects sensitivity and specifici- 
ty 15-18. * Electromagnetic or mechanical noise may also 
decrease the sensitivity and specificity of SAECG.P? 
5 "We e hypothesized that atrial flutter waves that coin- 
cide with the terminal portion of the QRS complex 
cause a pseudo late potential on SAECG. In 5 of 9 pa- 
tients studied, low-amplitude electrical activity at the ter- 
.. minal portion of the QRS complex during atrial flutter 
was not present during sinus rhythm. In all 5 patients 
with: pseudo late potentials, the timing of the pseudo late 
2 potential coincided exactly with that of the atrial flutter 
. wave. Furthermore, in patients without pseudo late po- 
—- tentials during atrial flutter, the flutter waves occurred ei- 

-ther at the onset or within the QRS complex. These find- 

ings suggest that superimposition of the flutter wave at 

the terminal portion of the QRS complex was responsi- 
. ble for the pseudo late potential. The ratio of flutter wave 
-= duration to ventricular cycle length was greater in pa- 

‘tients with pseudo late potentials during atrial flutter, 

possibly because this increased the probability that a 
flutter wave would be superimposed on the terminal 
IRS complex. 
. This study suggests the possibility that other atrial ar- 
rhythmias. may affect the diagnostic accuracy of 
SAECG. However, in a preliminary report, Radin et al?? 
showed that atrial fibrillation does not alter signal-aver- 
aged electrocardiographic parameters. It remains to be 
seen if atrial tachycardias affect SAECG. 

This study does not exclude the possibility that pseu- 
do late potentials were due to a change in ventricular elec- 
trical activation associated with rate, frequency-depen- 
-dent effects of drugs on the myocardium, or ischemia. 
"The mean ventricular rate was 84 + 4 beats/min (range 
-64 to 106) during sinus rhythm compared with 137 + 7 
| (range 109 to 167) during atrial flutter. However, 2 re- 

cent independent studies showed that SAECG was sim- 

ilar during sinus rhythm and rapid atrial pacing." ^^ Fur- 
*. thermore, although 1 patient in this study had coronary 
=> artery disease, this patient did not report chest pain and 
. did not have ischemic ST-T-wave changes during either 
. atrial flutter or sinus rhythm. 

:. We conclude that atrial flutter may cause a pseudo 
“late potential on SAECG. Thus, SAECG is best not per- 
formed to risk-stratify patients for ventricular tachy- 
cardia when atrial flutter is present. SAECG is best per- 
formed after conversion to sinus rhythm. 








































TABLE! | Atrial Flutter Ch Characteristics i in n Patients (ih a 


Late Potential 


239 + 13ms 193 x 13ms 0.06 
478 x 26 ms 387 + 27 ms 0.06 
151 + 16ms 100 + 17 ms 0.06 
0.35 x 0.02 0.260 + 0.007 0.02 


CL = cycle length. i 
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oo rdi ography i in Asymptomatic Alcoholics 


Pekka Ko MD, and Markku Kupari, MD 


R Yoo late potentials (i.e., low-amplitude, high- 
v frequency waveforms and altered frequency compo- 
nents in the terminal QRS complex) can be detected by 
signal-averaged surface electrocardiography. Their pres- 


. ence usually indicates areas of fibrous scar tissue in the 


myocardium, with delayed and fragmented impulse con- 
duction through the border zones surrounding these 
areas. Signal-averaged electrocardiography has been suc- 
cessfully used in assessing the risk of ventricular 
arrhythmias and sudden arrhythmic death after myocar- 
dial infarction.! Sudden cardiac death is also relatively 
frequent among alcoholics, and life-threatening ventric- 
ular arrhythmias are found in alcoholics without heart 
disease.* Earlier electrophysiologic studies have shown 
that patients with alcoholic cardiomyopathy can have lo- 
calized delays in intraventricular conduction, suggesting 
nonuniform myocardial involvement. To find out 
whether alcoholics without clinically evident heart dis- 
ease have intraventricular conduction abnormalities 
identifiable as ventricular late potentials, we recorded 
signal-averaged electrocardiograms in a group of male 
and female alcoholics. 

We studied 39 alcoholics (25 men and 14 women, 
mean age 41 years, range 23 to 61) who entered our 
hospital for detoxification and research purposes. Most 
patients were episodic drinkers. The mean duration of 
their heavy drinking was 14 years (0.5 to 30), the last 
uninterrupted drinking period averaged 21 weeks (0.4 
to 250), and the mean amount of alcohol consumed 
daily during this period was 247 g (70 to 600). No pa- 
tient had been hospitalized for cardiac arrhythmias or 
was receiving antiarrhythmic drugs. Their mean systolic 


- and diastolic blood pressures were 134 + 20 and 91 + 


15 mm Hg, respectively. On admission, red cell mean 
corpuscular volume averaged 96 fl (86 to 15), aspar- 
tate aminotransferase 100 Ulliter (19 to 293) and 
gammaglutamyltranspeptidase 321 Ulliter (15 to 
1,510). The healthy control group comprised 14 men 
and 14 women (mean age 39 years, range 26 to 50), 
many of whom were members of the hospital staff. Their 
alcohol use was modest. The s systolic and diastolic 
blood pressures of the control group were 132 + 12 and 
84 t 7 mm Hg, respectively. No subject studied had 
bundle branch block in a 12-lead electrocardiographic 
recording. Signal-averaged electrocardiograms were 
recorded in a warm, quiet, copper-insulated room using 
. 4 commercially available recorder (Mac 12, Marquette 
© Electronics, Milwaukee, Wisconsin). A bidirectional 40 
to 250 Hz band-pass filter was used. The electrodes 
were placed in orthogonal X, Y and Z positions after 
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mildly abrading and carefully cleansing the skin. The 
onset and offset of QRS complex were automatically de- 
termiaed by the recorder. Recordings were visually in- 
spected later. The duration of the filtered QRS complex 
(QRS), the root-mean-square voltage (RMSV) of the 
termiaal 40 ms of the filtered QRS, and the duration of 
the QRSf «40 pV (LAS) were determined. Signal-aver- 
aged electrocardiography was performed in all 39 al- 
coholics on admission, and in 32 also after a mean pe- 
riod of 12 days (7 to 14) of abstinence. In 9 control 
subjects, recordings were repeated after an average of 
21 days (7 to 46) to assess the repeatability of the mea- 
surements. Echocardiographic imaging of the left ven- 
tricle was performed in the alcoholics with cross-sec- — 
tional scanners (Toshiba SSH-60A and SSH 160A, and .. 
Aloka 830), and the left ventricular mass was calcu- 
lated as previously described? Student's t and Fisher's 
exact tests were used in the statistical evaluation. 

Tae mean number of beats averaged was 221 (101 
to 261) in the alcoholics and 248 (106 to 258) in the 
control subjects, and the noise levels were 0.45 + 0.23 
and 9.32 + 0.22 uV, respectively. Table I shows the sig- 
nal-averaged electrocardiographic data in alcoholics 
and control subjects separately for both sexes; the only. 
significant difference between female and male alco- 
holics and control subjects was the longer QRSf in con- 
trols (p = 0.03 for men, and p = 0.01 for women). The 
repeated recordings in alcoholics after detoxification 
did aot differ significantly from those obtained on ad- 
mission (data not shown). The results of the 2 mea- 
surements in the 9 healthy control subjects showed good 

agreement; SDs of the differences in QRSf, RMSV and 
LAS were 18 ms, 64 pV and 2 E ms, respectively. 

Using standard criteria for normalcy,! only 1 alcoholic 
had abnormal results in all 3 parameters, as compared 
with: no control subjects. Three alcoholics (896) and 7 
control subjects (2596) had QRSf »14 ms (p = 0.08). 
No alcoholic had detectable left ventricular failure. The —— 
median left ventric ular mass normalized to body sur- 
face area was 80 gin? (48 to 17). QRSf was 101 + 5 
ms m patients with left ventricular mass index less than 
median, and 105 + 8 ms in those with mass index 
greater than median (p = 0.08); there were no statisti- 
cally significant differences in RMSV or LAS between 
these groups. 

This study shows that chronic alcoholics without de- 
tectable heart disease do not have ventricular late poten- 
tials in signal-averaged electrocardiography either imme- 
diately after a heavy drinking period or during absti- 
nence. Furthermore, the results are similar to those 
obtained in a healthy control group of the same age. 
Chronic heavy alcohol consumption increases left ven- 
tricular mass and may cause subclinical impairment in 
left ventricular function.? Although previous work has 
shown that the duration of SRSTI is positively correlat- 
ed with left ventricular mass? we found no difference 
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l read with interest the paper by 
Anjos et al! published in a recent 
issue of The American Journal of 
Cardiology. There are limited data 
published with regard to balloon an- 
gioplasty of aortic recoarctation, and 
.some of the important published 
contributions?-^ have not been re- 
viewed by the authors. However, 
this paper brings out several impor- 
tant issues that are worthy of further 
ation. 
. Criteria for success: Although it 
. is true that different criteria such as 

percent reduction of gradient and 
percent increase in coarcted segment 
diameter have been used for evalua- 
tion of success in different studies, a 
residual gradient of X20 mm Hg has 
also been used by several workers. 
As a matter of fact, we have been 
able to tabulate^* the rates of resid- 
ual or recoarctation reported by most 
workers based on residual peak-to- 
peak gradient in excess of 20 mm 
. Hg both for the immediate and fol- 

-Jow-up results. The additional use of 
achieving normal blood pressure and 
lack of major damage to the aortic 
wall as suggested by Anjos et al! are 
also useful adjuncts in defining suc- 
cess of the procedure. 
`- Poor results: In the series report- 


m .ed by Anjos et al! immediate suc- 


cess, defined as reduction in gradient 
to £20 mm Hg, occurred in only 17 
of 26 patients (65%). At a mean fol- 
low-up of 1.8 years, 1l patients 
(42%) had a poor result, again de- 
fined as gradients 220 mm Hg. Our 
reported experience,*^ though lim- 
ited to 10 patients, was far more re- 
warding than that reported by Anjos. 
The peak-to-peak systolic pressure 
gradients were reduced from 52 + 21 
mm Hg to 15 + 7 mm Hg after bal- 
loon angioplasty, with only 2 (2096) 
patients having residual gradients in 
excess of 20 mm Hg. At a mean fol- 


-low-up of 1.3 years (not too differ- 
~ . ent from 1.8-year mean follow-up of 


Anjos et al!) the gradients de- 


ieu article in he Journal must be Kaive] 
within 2 months of the article's publication, and 
should be limited (with rare exceptions) to 2 dou- 
ble-spaced typewritten pages. Two copies must 
be submitted. 


| d farther t to 64 + 6 mm He.’ The | 
residual gradients ranged between 0 


and 18 mm Hg and none had gradi- 
ents in excess of 20 mm Hg. No pa- 
tient developed aneurysms. The re- 
sults from both studies are listed in 
Table I. The age of balloon angio- 
plasty, interval between surgery and 
balloon angioplasty and tvpe of sur- 
gery (Table I) are not significantly 
different from each other. It appears 
that the technique of balloon angio- 
plasty used is different. Anjos et al! 
used balloon sizes similar to aortic 
diameter proximal coarctation early 
in their series. Later they used bal- 





Data 


No. of children undergoing BA 
Age (mos) at angigplasty, 
mean + SD (range) 


Type of surgery 


Before BA 
After BA 


Hg (96) 

Duration of foliow-ap (mos), 
mean x SD 

Gradient at follow-up (mm Hg), 
mean + SD 


Hg (%) 
Aneurysms-no. (953 







*Mean and SD not given. 


at the level « of the diaphragm. I be- . 


TABLE 1. Comparison of Recoarctation Balloon Angioplasty 


interval (mos) between surgery and 
angioplasty, mean x: SD (range) 


Peak gradient (mm Hg), mean + SD 


No. of pts. with gradients > 20 mm 


No. of pts. with gradients > 20 mm 


BA = balloon angioplasty; EE = resection with end-to-end anastomosis; IA = 
of interrupted aortic arch; PA = patch angioplasty; SF = subclavian flap angioplasty. 













lar to the aortic diameter — 


lieve that balloon size is important 
in not only providing adequate relief 
of aortic obstruction, but also in pre- 
venting aortic ruptures: ? and imme- 
diate or late formation of aneur- 
ysms.*-!© The balloon diameter used 
for dilatation should be 2 or more 
times the size of the coarcted seg- 
ment! but no larger than the de- — 
scending aorta at the level of the di- 

aphragm.*7.P? [n practice, we select 
a balloon size that is midway be- ` 
tween the diameter of the aortic isth- 
mus or transverse aortic arch (aortic 



























Rao and 
Anjos et al! Chopra? 
26 10 
* 29 + 25 
(3-220) (6-84) 
= 26 + 26 
(2-216) (6-3,484) 
tE-4 EE-5 
SF-17 SF-2 
PA-5 PA-2 
IA-1 
49 +17 52+ 21 
20+17 15s7 
9 (35) 2 (20) 
22 + 22 16 € 7 
Not given 646 
11 (42) 0 (0) 
2 (8) 0 (0) 






repair 









Rad i lune xxu eua Sei a (Pe Gate D MONEO SUE CON 
tation (arrows), which is severe before balloon angioplasty (a) (Table Il, case 3). 
This improved after balloon dilatation with an 8 mm balloon (b) but is still nar- 
rowed with a residual peak systolic pressure gradient of 20 mm Hg. Repeat bal- 
loon angioplasty with a 10 mm balloon resulted in a wide open coarcted 
segment (c) with reduction of pressure gradient to 14 mm Hg. DAo = descending 


aorta; LV = left ventricle. 
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Status— 
Balloon Size 


Case Age (yr) 


& Sex 


nee Gradient Across the Coarctation After Balloon 


(mm Hg) 





DAo | 
(mm Hg) 


AAo Gradient 


(mm Hg) 































AA = ascending aorta; DAo = descending aorta; Pre = before balloon angioplasty. 









segments proximal to coarctation 
© site) and the diameter of the de- 
ae scending aorta at the level of di- 
aphragm. If there is no adequate re- 
lief of obstruction (Figure 1, Table 
ID. a balloon as large as the de- 
scending aorta at the level of the di- 
aphragm is chosen for dilatation. ^.^ 
The. objective is to apply ''con- 
-trolled'" injury with radial forces of 
. a balloon; this should be sufficiently 
large to produce relief of obstruc- 
. tion, but not large enough to pro- 
. duce aortic rupture and/or aneu- 
rysms. For some reason, descending 
aortic size at the level of diaphragm 
appears to be most appropriate for 
e] ting balloon size for angioplas- 
Meti us attention to the details 
'chnique and balloon size are 
^to prevent complications 
hieve a good result. 

Causes of poor result: The anal- 
ysis of Anjos et al of factors influ- 
encing late results are very helpful to 
the reader. They identified the small 
ortic arch diameter (proximal to 
oarct segment) as a predictor of 
or late hemodynamic result. A 
xamination of factors re- 
sponsible for restenosis following 
balloon angioplasty of native coarc- 
tation by our group! also identified 
hypoplasia of aortic segments prox- 
imal to the coarctation site as a 












































for both native and recoarctations 
re consistent with regard to this as- 
pect. Although this is true, it should 
be realized that adequate relief of 
obstruction encourages greater flow 
across the aortic segments, causing 
their growth as demonstrated by aor- 
c remodeling studies performed by 


cause of restenosis. Thus, the data 


us" and others. This also ex- 
plains why some patients in Anjos’ 
study improved despite arch hy- 
poplasia. Therefore, we agree with 
Anjos et al that balloon dilatation 
should be attempted even with un- 
favorable arch anatomy but suggest 
that adequate-sized balloons be 
used. 

Anjos et al! also recognized that 
the use of balloons smaller than the 
descending aortic diameter is asso- 
ciated with poor late hemodynamic 
result. The role of and use of ade- 
quate-sized balloons has already 
been discussed in the earlier section. 

Conclusion: Although the study 
by Anjos et al ignored some of the 
earlier works on balloon angioplas- 
ty of aortic recoarctation and used 
inadequate balloon sizes in the early 
part of their study, it has made im- 
portant contributions by focusing 
our attention to the definition of suc- 
cessful balloon angioplasty and to 
identification of the causes of a poor 
result. Their study gave me impetus 
to review the method of selecting a 
balloon size that is likely to produce 
successful balloon angioplasty of 


aortic recoarctation. 
P. Syamasundar Rao, mo 
Madison, Wisconsin 
29 April 1992 
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Relation of Site of Acute 
Myocardial Infarction to the Site 
of Maximal Coronary Narrowing 


Giroud et al! in their article, ‘‘Re- 
lation of the Site of Acute Myocar- . 
dial Infarction to the Most Severe 


Coronary Arterial Stenosis at Prior 


Angiography," raise the question of 
whether the site of acute myocardial 
infarction (AMI) can be predicted 
from a previous coronary angio- 
gram. They conclude that *' AMI oc- 
curs in relation to the previously 
most stenotic lesion only in approxi- 
mately one-third of cases." We sub- 
mit that this finding is more likely 
due to study design than the biolo- 
gy of coronary lesions. 

Several studies involving over 
25,000 patients have shown clearly 
that mortality rates of patients with 
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coronary artery disease. (CAD) are 
directly proportional to the number 
of diseased coronary vessels, the ex- 
tent of the angiographic stenoses, 
and the degree of left ventricular 








uet dysfunction.*> Giroud and his col- 


leagues, however, make no reference 
to mortality as a selective factor in 
the makeup of their case series. 
They introduce a serious bias into 
. their study group by selecting only 
_ patients who survived long enough 


.. to have an intervening AMI and a 


. second coronary angiogram. Their 

case series represents a more robust, 
less diseased, survival group, rather 
than all CAD patients including 
severely diseased patients who die 


/. before having a second angiogram. 


Focusing only on those CAD pa- 
tients who survive long enough to 
have an AMI and a second coronary 
angiogram introduces a selection 
bias that precludes an answer to 
their original question. 

They raise and appear to answer 
an important generic question by 
providing data, as they rightfully in- 
dicate, on a selected group of pa- 
tients. There is a discordance be- 
tween the generic question of 
whether the site of AMI can be pre- 
dicted from a previous coronary an- 

 giogram and thes answer derived 
—. from a highly selected population. 

Readers might easily infer from this 
. article that most CAD patients who 
. experience an AMI do so because of 
an event in one of their lesser nar- 
rowed arteries. Their data do not 
permit this conclusion. 

fichael J. Horan, wb 
Eugene R. Passamani, MD 


Bethesda, Maryland 
1 May 1992 
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Thrombolytic Therapy After 
Cardiopulmonary Resuscitation 
in Acute Myocardial infarction 


Scholz et al! are to be commend- 
ed for their important article re- 
garding complications (or lack 
thereof) of cardiopulmonary resus- 
citation. (CPR) and thrombolytic 
therapy in acute myocardial infarc- 
tion (AMI). As we previously noted 
in a case report,? thrombolytic ther- 
apy can be given successfully after 
prolonged CPR in AMI. 

Scholz concludes that, ''"There 
was no difference in the rate of 
bleeding complications for patients 
with (n = 43) and without (n =547) 
resuscitation (18.6 vs 16.195; chi- 
square = 0.34, p = not significant). ”? 
However, only 16 of their 43 pa- 
tients received thrombolytic therapy 
after successful CPR. The remain- 
ing 27 patients had thrombolytic 
therapy first, then developed cardiac 
arrest requiring CPR or had throm- 
bolytic therapy administered during 
ongoing CPR in "nearly hopeless 
clinical situations.” Furthermore, of 
these 16 patients who received 
thrombolytic therapy after success- 
ful CPR, only 4 received intra- 
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ing prolonged cardiopulmonary resuscitation. Clin Car- | 





only intracoronary thro A and d 
2 received. both. intfscakony and | 


most patients with AMI present to 
institutions without invasive cardiac — 
catheterization facilities, the intra- 
venous route in this situation would - 
of necessity be utilized. The real. 
issue facing most iie ds P 
whether to administer intravenous — 
thrombolytic therapy after success- - 
ful CPR, a question that cannot be - 
resolved by only 4 patients in this 
category in Scholz's review. 

Tenaglia et al? have already shown — 
no additional. complications | at- > 
tributable to thrombolytic therapy in 
patients receiving short 
minutes) CPR in AMI. Howev 
whether this conclusion can be ex- 
tended to patients receiving in- 
travenous thrombolytic therapy fol- - 
lowing prolonged (210 minutes) 
CPR in AMI must await more data. 

Certainly the preliminary data are 
encouraging, and we continue to- 
agree that in the absence of gross- 
trauma from CPR, thromboly 
therapy in AMI should not nece 
sarily be excluded because of pro- 
longed duration of resuscitation. 

Richard B. Neches, mp — 

Far Rockaway, New York. - 

Andrew M. Goldfarb, mp _ 
Great Neck, New York 

18 May 1992. 
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ideal candidate will be US trained and able to add skills to 
.a group that is currently practicing EP studies, pacemaker and 
cardioverter implantation, angioplasty, echo, and newer inter- 
ventional techniques. Value oriented medicine and family time 
important to this group. Competitive compensation and 
benefits package with partnership opportunity. For more infor- 
mation on a confidential basis, please contact: 


Gerry Chapman 


MARY’S MEDICAL CENTER 














CARDIOLOGIST 
mediate opening for invasive or 
noninvasive BC/BE cardiologist in 
.| Southwestern Colorado. State-of- 
the-art nonivasiive lab including 
SPECT-nuclear, TEE/echo. Early 
artnership possible. Mountain 
setting with close proximity to the 
desert and Canyonlands. Skiing, 
biking, hiking, fishing, arts, college, 
| Indian ruins, tourism. CV to: 

PO. Box 2123 * Durango,CO 81302 
oe) 247-1120 






ists in ia on hears area 2) 4 hrs. nori 
of San Francisco. M" 
» Cali Anders Kar 
. (800) 634-3561. 















-900 E. Oak Hill Avenue, Knoxville, TN 37917 
É CV or call collect 615-971-6758 


Healthcare Classified... 
obody does it better than 
Cahners 






ALABAMA 
CARDIOLOGIST 


Immediate opportunity for BC/BE in 
cardiovascular disease to join a 4-physi- 
cian invasive and clinical cardiology 
group in a large southeastern city. 
Reply to: 


SOUTHERN CARDIOLOGY, P.C. 
2022 Brookwood Medical Center 
Drive Suite 510 
Birmingham, Alabama 35209 











FLORIDA 
INVASIVE/NON-INVASIVE 
CARDIOLOGIST 
Excellent opportunities available for BC/BE cardi- 
ologists to join successful, well-established private 
practices. Ideally situated in affluent and rapidly 
growing communities surrounding beautiful Ft. 
Lauderdale. Salary, incentives and excellent benefit 
package. Partnership opportunities. Send CV to: 

NORTH BROWARD HOSPTTAL DISTRICT 
Physician Recruitment 
303 S.E. 7th Street * Ft. Lauderdale, FL. 33316 












Personale < energetic person desired: 

cardiologist in a 3l-person Internal N 

‘Internal Medicine Subspecialty. 

Community has three colleges, exi 

school system and abundant recrea 

ities. Rare opportunity to practice 

ity cardiology in a beautiful environme 

excellent financial compensation and 

benefits, Please contact: | 
John Mahowald, M.D. be 

Mark } Murphy, Administrator. - 

THE ST. CLOUD CLINIC — 

OF INTERNAL MEDICINE, LTD. 
1200 Sixth Avenue North 

St. Cloud, MN 56303 

(612) 252-5131 

























INVASIVE CARDIOL 
Opportunity immediately ava 
for BC/BE invasive cardiolo 
join cardiologist in private 
in Salem, OR. Send CV to: 


J. Devorss, M.D. 
1050 Oak SL SE 

Salem, OR 97301... 

(503) 362-4146 








CA RDIOLOGIST . 
Position available for Board Certified/B: 
| Eligible Cardiologist to join a non- 
cardiologist in a 50+ physician multi-sp 
Clinic. Located on lake Michigan on 
| north of Milwaukee in city of 50,000: 
drawing area of 100000+. Excellent bei 
package including relocation expens 
Contact: N 
James Gularek, Administrator — 
THE SHEBOYGAN CLINIC . 
2414 Kohler Memorial Drive | 
Sheboygan, WI 53081 
414-457-4461 


WEST 
Position available-Beginning July 1, 
1993, Recruiting for a non-invasive 
Cardiologist. Santa Cruz Medical Clin 
is a multi-specialty group located c 
Monterey Bay, 90 miles south of Sz 
Francisco. Send CV to: | 





President/CEO 
2025 Soquel Ave. 
Santa Cruz, CA 95060 








ull array of cardiology services. 
Please send replies to: 


WINTER HAVEN CARDIOLOGY 
350 First St. North 
Winter Haven, Florida 33881 


Medical Center 


CARDIOLOGIST WITH NUCLEAR CARDIOLOGY TRAINING 
Medical Center, a 2 


candidate should have excellent clinical cardiology and nuclear cardiology skills. Practice would 
a mix of nuclear cardiology and clinical cardiology with cardiac catheterization interest optional. 


ison is the state capital of Wisconsin with a metro area of over 300,000 and the home of the 
iversity of Wi isconsin with enrollment of over 45,000 students, Excellent compensation and bene- 
its provided with full time employment leading to shareholder status in 2 years. For more informa- 
n contact:Scott M. Lindblom DEAN MEDICAL CENTER 1313 Fish nae Road, Madison, 
Visconsin work: (608) 259-5151 or home: (608) 276-8989 


An equal opportunity employer 
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DALLAS 
CARDIOLOGIST 


anding, successful, 10 person cardiology practice seeks invasi 
vasive cardiologists for outstanding opportunities at desirable suburban 
Dallas hospitals. Attractive salary/benefits package. Join the Southwest's 
premier cardiology group. 


(bes Cardiology 
Consultants 





Reply with CV to: Practice Manager 
712 N. Washington, #300 
Dallas, TX 75246 
FAX (214) 824-4943 


Ir IS m mr simi wi) 





he community supports a 600 bed hospital with 









20 physician multispecialty group located in Madison, Wisconsin, is actively | 
ya BE/BC Clinical Cardiologist/Nuclear Cardiologist to join its 7 member Cardiology Department. | 








Invasive, Noninvasive or = to join busy CD. | | 
group in Upper Midwest city of 700,000. | 
Excellent diagnostic facilities, great lifestyle loca- 
tion with strong economy. Opportunity for aca- 
demic appointment and teaching. Excellent com- 
pensation with salary plus production bonus first 
year. Send CV to Greg Peterson. 


THE PETERSON GROUP INC. 
8700 Monrovia * Suite 208. 
Shawnee Mission, KS 66215 

Tel: 800-669-4804 


Fax: 913-599-6776 | | 
| VIRGINIA | 


Invasive or Non-Invasive Cardiologist sought for | 
practice opportunity in coastal Virginia town just | 










| 


















30 minutes from the Chesapeake Bay Modern, 
financially-strong hospital. Generous guarantee 
Call schedule caters to family life, Equestria 
interests run high in this community, and othe 
recreational activities include water sports and 
tackling premier. golf courses. T his: 








s family-ori- |... 





Dept B B. PO Box 2816 


x Durham, NC 27715 — |. | E: 
800-477. 0600 E 


Information? |. 


Call Marc Rentzer 


212-463-6¢ 87 
800-344-7775 


qmm aR A a a aaa 


WATERFRONT, LONG/ ISLAN D 
CA RDIOLOGIST - ie 
| Waterfront community, Long Is Isi: 
Exceptional opportunity to join a dyn : 
expanding 26-physician. multispeciaity. * 
group. Brand new facility. Seeking cardi- | 
ologist BE/BC. Progressive incentive salary 
leading to full partnership three years. 
Position Available now. 
send CV to Box 1285 
The American Journal of Cardi 
249 West 17th Street . NY, NY. 10 





















ERE 






NORTH CA ROLINA*SOUTH CAROLI NA. 
VIRGINIA*KENTUCKY*TENNE SSEE.. 
GEORGIA*OHIO*PENNSYLVANIA 
NEW JERSEY 
Invasive and Non-Invasive Cardiologists sought for 
numerous practice opportunities, Manv offering lucra- | o# 
tive financial packages, Locations include cities, small |. — 
towns, mountain sites, coastal areas. Possible academic |: ox 
affiliations. Forward vitae or coll: dou 
Susan Bloom 
AM CARE PHYSICIAN SEARCH 
Dept. B. PO Box 2816. Durham, NC 27715 i 
800-477-0600 ] 








| 
| 


| Niner deber Cardiology ' group practice in southeast university city seeks 
E/BC Cardiologists for the following positions: 


; ^. Electrophysiologist to direct full-service EP program in dedicated lab. 
linical Cardiologist with special interest in lipid management and/or 
cardiac rehabilitation. 
C. Clinical Cardiologist with interest in a non-interventional practice (duties 
y include diagnostic catheterization). 


nical cardiologist to expand a growing practice at an associated hos- 


pital w within thirty miles. 


: SI ons offer competitive salary, early partnership, and excellent ben- 
ackage. 


Send curriculum vitae to: 
" FORT SANDERS HEALTH SYSTEMS 
Linda Porter-Tillman, R.N. 
—... Director of Practice Development 
280 Fort Sanders West Boulevard * Suite 214 
Knoxville, TN 37922 
(615) 531-5007 


Valley Diagnostic Medical 
& Surgical Clinic, P.A. 


CARDIOLOGIST 


Move info established practice in Mulfispeciatty Clinic - 


requires s expertise | in invasive/ non-invasive procedures. Cardiology 
udes CV/Thoracie surgeon: Competitive guaranteed salary with 
centive plan, malpractice insurance, relocation expense and inter- 
xpense included in enefits | 'ackage. Enjoy a sub-tropical climate on 
s Gulf Coast. Location is attractive to those who enjoy outdoor sports 
ishing, golf, and sailing. Look into | joining our great team. 


CONTACT: Mark Rowe 
Valley Diagnostic Medical & Surgical Clinic, P.A. 
2200 Haine Dr., Harlington, TX 78550, 1-800-852-4543 
in Texas 1-800-338-4590 or 512-421-5199 


INVASI : JE CARDIOLOGIST 
to join 100 physician multi-specialty clinic with 4 Board Certified adult 
ogists, 3 pediatric cardiologists, 1 cardiovascular surgeon. Adjacent to 485 
spital with level one trauma center; dedicated heart program. Rockford 
ocated 75 miles northwest of Chicago in a pleasant community of 250000. 


| alary ` with incentive, comprehensive benefit package. Teaching oppor- 
T ase send. EN to: Carol Kump, Director Physician Recruiting 


«LÀ 2300 N. Rockton Ave., Rockford, IL 61103 
815 968-0051 ext. 2900 


Cardiologist 


Dartmouth-Hitchcock Medical Center seeks ful 
time pediatric cardiologist in Lebanon to join - 
active, growing regional 5-person joint DHMC- 
University of Vermont pediatric cardiology ^ 
program. 


* Well-established patient population 

* Extensive outreach program 

* Extensive echocardiography caseload. 

» Active cardiac catheterization program ^ ^ 

* Academic commitments include research. hand ; 
teaching of students, residents and adult — 
cardiology fellows. 

* Association with: existing active regional i 
perinatal and pediatric intensive care progrars: 

* Opportunity to expand pediatric 
electrophysiology 


Submit CV to: Michael Flanagan, MD, 


Dartmouth-Hitchcock Medical Centa 0 One = 
Medical Center Drive, Lebanon, NH 03756 
(603) 650-8658. Equal apportent ARN 
action employer. 


yy ‘Dartmouth-Hitche 
Wit. Medical Center Er 


The Hitchcock Cli "E 


Z1in è 
Healthcare | 


Recruitment 


Cardiologist BC/BE for invasive an 
non-invasive practice to join the sta 
of a 68 physician multi-specialt 
clinic located in suburban Milwaukee. 


| Excellent salary and fringe benefits. 
| Submit CV to: 


Administrator 
PO. Box 427 
Menomonee Falls, WI 53051 


MIDWEST NONINVASIVE | 
Midwest metro. Group w/6 cardiologists. 
Excellent call, optional teaching, competit 
financial package. State-of. -the-art equipmen 
labs, Nuclear capability, TEEs, ECHOS. Cit 
w/universities, culture, sports. 

Contact: Kristin Aldrich 
10983 Granada 
Overland Park, KS 66211 
1-800-533-0525 


































| MDA provides 
occurrence | 
medical liability 
insurance for 
all our locum 





E Oecurrerne 
ra ins ranee 














Ores... ever! 






» tenens physicians. 
Call Don Doster today: 








- Locum Tenens * Permanent Search 
$495 Holcomb Bridge Road « Norcross, GA 30092 «1404) 246-9191 









CHICAGO A ARE RE 





for BE/BC cardiologist to join 
multi-specialty clinics located in 
re and BONES suburbs of 


| a Jose Kogan, M.D. 
Sk ce 60077 









ima a a practice in- imedicallyacpl cate Midwest 
ean liologists tophisiologist - 


i 10983 Granada, #202 Oerend] Park. KS 6621] 
i- -533-052 25. 
FAX C v9: 451-3931 





caidas ees needed for 
uly 1993 opening, for Lansing Michigan area. 
\ttractive salary benefits package and part- 


: nership opportunity. Send resume to: 


- “CARDIOLOGY CONSULTANTS, P.C. 
. 8848 Executive Drive 
Lansing, MI 4891] 















F OURTH ANNUAL LAHEY CLINIC SY MPOSIUM ON 
CARDIOVASCULAR DISEASE: STATE OF THE ART 1993 


JUNE 27-30, 1993 


OCEAN EDGE RESORT AND CONFERENCE a INTER 
Brewster, Cape Cod, Massachusetts | 


Sponsored by the LAHEY CLE N IC 


This 3 4 day ci course will provide current information ¢ on oa ed dis per 
ease highlighting prevention, cardiac imaging, 'valvular disease, arrhyth- 
mias, acute myocardial infarction, interventional cardiology, cardiac emer- 
gencies, and prognosis in congestive heart failure. Internationally recog- 





f nized speakers i in cardiology will present state- Oen information in 


their areas of expertise. 


 GUESI bir ETY: Raymond Gibbons, M.D. 
i Daniel Levy, M.D. 
- Eric Topol, M.D. — 


ACCREDITATION: 16 Category I AMA Credis. 


INFO "MAC ric ON: Educational Seminars, 
LAHEY CLINIC MEDICAL CENTER 
41 Mall Road, Burlington, MA 01805 

Telephone (617) 273-5238 | 














THE UNIVERSITY OF FM YT AISSOU 
Department of Child Health/Pediatrics is cet a sana cardiologist à at the Associate 
Pl IDEE m n position ance n in medical student | - 





ee commensurate with qualifications ive expe | vain MD idee and Board 
certification is necessary. Submit application and curriculum vitae to: 


Drs Zuhdi Lababidi or William Altemeier 

.. Dept. of Child Health/Pediatrics d 
UNIVERSITY OF MISSOURI HEALTH SCIENCE CENTER | 

One Hospital Dr. * Columbia, MO 65212 


The University cf Missouriis an Equal Opportunity Employer. 
Fen and. minorities: are especially encouraged to apply. 






PRACTICE FOR SALE | 
















CARDIOLOGY 
|. PRACTICE FOR SALE 
— Nine years old. Invasive & Noninvasive... 
45 miles North of Sacramento. Contact: 
Nick Capos, MD . 
1002 Live Oak, Yuba City, CA 95991 
916-673-6140 


DIPLOMATE from the Americar Bond of 
Professional Disability Cosukants to 
Physicians, Psychologists, and Attorneys with 
24- years experience in disability/personal | 
injury. For information, application, newslet- || |. 
ter send: $5 to APBDC, 1350 Beverly Road, 
Suite 115-327, Mclean, VA 22101 





















CAREER OPPORTUNITIES 









Beautiful community of 50000 with total ser- | 
vice area of 470000 located near mountains, 
river-ideal place to raise family. Hospital to 






NORTH PHOENIX HEART CENTER, a progressive, well established (4) 


UP Occ a CHR PIRA QR NM E EE ECCE 
pepe PAHO FALLS | NON-INVASIVE CARDIOLOGIST 
E (ical 946 bed nora | PHOENIX, ARIZONA 
| 





| physician group in Phoenix, Arizona, is seeking a BC/BE Non-Invasive 
| Cardiologist to complement their busy private practice. Affiliated with (4) | 
. HEALTHIRUST f | major Valley hospitals, the center provides excellent working conditions at | 








provide income guarantee; call is 1 in 4. 


“INC. Te Hua» Hospital Company | its (3) office locations in the Phoenix-metro area. Enjoy fantastic south- 


Contact Cliff Orme (800) 285-1085 | western living year round and a competitive salary/benefit package. Please 
,  andsend CV to send CV to: 
390 South Main, Ste. 200 








= Bountiful, UT 84010 NORTH PHOENIX HEART CENTER - 
| | 9327 N. Third Street, Suite 300 | 
ee ae ee et ME Phoenix, Arizona 85020 
A BUSY CARDIOLOGY | | 
GROUP PRACTICE | 
located in central New Jersey for inva- | E qu Mm uu 
| 


CARDIOLOGIST BE/BC, OREGON 


6 sive and non invasive cardiology must 

a i The Portland Cardiovascular Institute is seeking a BE/BC i inse non-interventional cardiol- 
| be board certified in internal medicine ogist for expanding 4 physician cardiovascular group. Excellent opportunity to join established 
| with special emphasis in nuclear car- | | comprehensive cardiac program, including cath, PTCA, atherectomy, pacemakers, TEE, stress 











echo, nuclear and preventive cardiology. The Northwest offers the outdoor enthusiast unparal- | 
diology. leled experiences. Please send your C. V. to 
Reply Box 1283 | CARDIOLOGY ASSOCIATES 
| S nr CR. ; Atta: MLL. Davis 
TOSOATHGLICUDLJQUERALOE C008 10000 SE Main * Suite 201 * Portland, OR 97216 | 
249 West 17th Street * NY NY 1001 or call 503-251-6310 


The American Journal of Cardiology and the Cahners familiy of 
healthcare publications offer an attractive display advertising 
format that delivers the attention you expect your classified 
ads to command. 


S y * 
American What's more, your ad gets seen and read by the audience you 
Journal want to attract: the qualified, career-minded physicians who stay 
| on top of their profession with AJC. 


Now is the time to start taking advantage of these Cahners 
advertising benefits: 


Targeted Circulation 

Cost-Effective Rates 

FREE Design and Production Services 
Premium Positioning at no additional cost 


* 9 9 è 


Don't let your next opportunity go by unnoticed. Grab the attention 
of the healthcare professionals you need to reach with a classified 
ad in next month's AJC, 


Ra RE CN STE TE EE TI MED IEE RON ERR I 


Cahners Healthcare Classified 
(212) 463-6487 * (212) 463-6538 
Toll Free (800) 344-7775 
Fax: (212) 620-9085 
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(P) PARKE-DAVIS e oo 


PARKE-DAVIS Division of Warner-Lambert Company Morris Plains, New Jersey 07950 


is 


[s 193? Warner-Lambert * ompany PD-56-JA-8081-C 10072) 
tae 





